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KARL K. DARROW 
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(A slightly amplified version of a paper read April 24, 1943) 


It would doubtless be fitting for me to begin 
by stating a relation between entropy and 
Thomas Jefferson, but I cannot find any, for 
Jefferson died about a score of years before the 
concept of entropy was invented. This was 
probably a piece of good fortune for him, since 
according to Dr. Becker’s speech of Thursday 
evening he was acquainted with all the ideas of 
his time—a large order even for the eighteenth 
century, it seemed to me—and he would probably 
have had quite a struggle with this one. I pre- 
sume that he would have mastered it, and I am 
sure that he would have been too wise to promise 
to speak about it in less than twenty minutes; 
but since I was not so wise, I shal? have to go 
ahead. 

The purpose of the concept of entropy is to 
interpret—and notice that I do not say “ex- 
plain,” I say “‘interpret’—the purpose of the 
concept of entropy is to interpret the fact that 
certain processes of Nature always go one way 
and never the other. These are not recondite 
processes; some of them are only too familiar. 
A human being goes from the state of being a 
baby to the state of being an old person, and 
never in the opposite direction—except in Faust, 
and there it takes the devil to make the differ- 
ence. <A suit of clothes wears out with use, it 
never grows fresher. Humpty-Dumpty falls off 
the wall, and all the king’s horses and all the 
king’s men can’t put him together again. A house 
which catches fire is converted to ashes, and 
nothing comes out of the ashes unless it be a 
phoenix—and even the phoenix is not authen- 
ticated. Hydrogen and oxygen mixed in the 
right proportions turn into water with only a 
trivial inducement, but to turn water back into 
hydrogen and oxygen is a major operation. 

To take a simpler illustration, let us think of a 
bowl of water, or better, of something more 
interesting nowadays—a cup of coffee. You stir 
it and remove your spoon, and for a little while 
it is swishing and thrashing around in the cup, 
but after that little while it settles down to 
perfect tranquillity. It never goes back of itself 
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from the state of tranquillity to the state of 
thrashing about in the cup—and when I say 
“never,” in the words of the forgotten song, 
‘Il don’t mean hardly ever.’”’ This is something 
which everybody knows. Books abound in 
statements that every schoolboy knows this, and 
every schoolboy knows that, and everybody 
knows some other thing. Usually such a state- 
ment is not true, but this time it is—at least for 
everyone above the age of eight, and below that 
age I suppose one would ascribe such an event 
to a gremlin. 

Now the idea about entropy is, that in each 
of these ‘‘one-way-street’”’ processes there is a 
quantity called entropy which increases while the 
process is going on, and which is forbidden by 
Nature ever to decrease. If the process were to 
go backward, this something would have to 
decrease, but that is prohibited—and that 
settles it. 

Thus far I have, of course, said next to nothing. 
To say anything of importance it is necessary to 
say something definite and numerical. This 
clearly excludes all the complicated cases such as 
those of the aging man, the deteriorating suit of 
clothes, and the burning house. The case of the 
cup of coffee is just within the scope of the 
mathematical theory, but I will take a simpler 
one, the simplest one of all: the case of a gas in 
a box. 

Here is the box (rectangle on the blackboard) 
and here is the gas (circles depicting the atoms). 
I put the circles only in one-half of the box. You 
at once see that there is something wrong with 
this, and of course there is: I have put in nothing 
to indicate any partition between the half of the 
box which contains the gas and the half which is 
empty. Suppose I say that there zs no partition; 
then you feel that either my drawing is ridiculous, 
or else it depicts a state of affairs which exists 
only for an imperceptible moment after a parti- 
tion which was formerly there—it might have 
been a soap-film, for instance—has vanished. 
The moment the partition vanishes, the gas sets 
forth to fill the whole box evenly. This is pre- 
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cisely one of these “‘one-way-street processes.” 
The gas goes of itself from the condition of filling 
half the box to the condition of filling the whole 
of the box, and it never goes back. In more 
technical language: the gas goes of itself from a 
state of non-uniform distribution (in the space 
open to it) into the state of uniform distribution, 
and it never goes of itself from the state of uni- 
form distribution into any state of non-uniform 
distribution. 

What we are to call entropy must then be 
bigger for the state of uniform distribution, than 
for any state of non-uniform distribution. But 
this is not the only condition imposed upon 
entropy; if it were, we could fulfill it in any 
number of ways. There are several other condi- 
tions imposed on entropy by the science of 
thermodynamics; I mention one, to the effect 
that the entropy must be in proportion to the 
logarithm of the volume of the gas, and another, 
to the effect that the entropy of two identical 
gases must be twice the entropy of either by 
itself. There are yet others. It may seem sur- 
prising that we can find a mathematical quantity 
which fulfills all of these conditions, and it is 


certainly surprising that we have 


two ways 
almost entirely different for finding such a 
quantity. These are the ways of the “old 


statistics’’ and the “‘new statistics.”’ 

To illustrate the method of the old (or classical, 
or Boltzmann) statistics, I now simplify the gas 
still further, by reducing it to just two molecules 
which I mark A and B._ I divide the box into 
two halves by an imaginary plane—not a physical 
partition—and call the two halves L and R. 
Now there are two conceivable non-uniform dis- 
tributions: both balls in L, and both balls in R. 
There is one conceivable uniform distribution: 
one ball in L and the other ball in R. Notice, 
however, this important detail. The uniform 
distribution can be realized in two ways: molecule 
A in L and molecule B in R—molecule A in R 
and molecule B in L. This double possibility 
does not exist for either of the non-uniform dis- 
tributions. The uniform distribution is out- 
standing over either of the non-uniform ones, in 
respect of the number of ways in which it can be 
realized. If I were to say that the number of 
ways in which a distribution can be realized is the 
entropy thereof, then my entropy would be 
bigger for the uniform distribution than for any 
other. To be in harmony with thermodynamics, 
I must, however, say that the entropy is in pro- 
portion to the logarithm of the number of ways 
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in which the distribution can be realized; and 
then it is still true that the entropy is bigger for 
the uniform distribution than for any other. 

If the same sort of reasoning is applied to the 
distribution of the molecules in velocitv, then the 
mathematical conditions are somewhat changed, 
and it turns out that among the possible distribu- 
tions the one which can be realized in the greatest 
number of different ways is the famous Maxwell- 
Boltzmann distribution. This has been attested 
by experiment for the molecules of gases, for the 
electrons emerging from hot filaments, and for 
neutrons wandering about in paraffin or water. 
The old statistics chooses the uniform distribu- 
tion in space and the Maxwell-Boltzmann dis- 
tribution in velocity as having the greatest value 
of what it calls entropy—and so also, by the way, 
does the new statistics. Nature chooses these 
two as being the termini of the one-way-street 
processes, the distributions toward which a gas 
always tends and from which of itself it never 
departs. So, a one-way-street process is now 
successfully correlated with a rise of entropy. 
But if you ask of the theory why the entropy 
should always rise and never fall, you are likely 
to get either a very cloudy answer, or else a 
forthright disclaimer of responsibility for any 
answer. 

The mathernatical operation just mentioned 
can be visualized as the act of counting the 
different ways in which distinguishable balls can 
be assorted in distinguishable baskets, the num- 
ber of balls in each basket being chosen in 
advance, and two ways being counted as different 
unless it can be said of every basket that it con- 
tains just the same balls in both cases. The 
balls stand for the molecules and the baskets 
stand for the compartments such as L and R of 
my drawing, into which the volume occupied by 
the gas is mentally divided. This is the method 
of the old statistics, and it involves the assump- 
tion that the molecules are distinguishable even 
when they are all of the same gas, which seems 
absurd. In the method of the new statistics 
the same operation occurs, but here the balls 
stand for the compartments and the cells stand 
for what I may call the ‘‘populations’’—the com- 
partments containing no molecule go into basket 
0, the compartments containing one molecule go 
into basket 1, and so forth. A compartmenta- 
tion of the volume in two stages—bigger com- 
partments subdivided into smaller ones—is re- 
quired, and there are other complications of a 
mathematical nature which make the new sta- 











tistics harder to grasp and manage than the old. 
However, the new theory allows us to regard the 
molecules of a single gas as indistinguishable, and 
it makes the entropy of two identical gases 
twice the entropy of either taken by itself, which 
the old statistics does not do except when 
distorted. 

Now I will close with a remarkable result which 
follows from the newer statistics directly, from 
the older theory only by distorting that theory 
in a manner hard or perhaps impossible to 
justify. 

Let the gas in the box be cooled down as far as 
it is possible to go. It starts with a definite 
value of entropy, for the theory has given it one. 
As it cools down, heat flows out of it, and its 
entropy goes down. We are able to measure the 
decline of its entropy, for thermodynamics says 
that as each small quota of heat flows out, the 
entropy of the gas declines by just the amount of 
the outflowing heat, divided by the (absolute) 
temperature which the gas has at the moment. 
As the cooling continues, the gas may liquefy, 
then the liquid may cool down further, then 
solidify, then the solid will continue to cool. 
Always we measure the outflow of heat and we 
calculate the loss of entropy. Finally the solid 
is cooled down to as close to the absolute zero as 
it is possible to go—and with modern technique 
this is so close that we can extrapolate the rest 
of the way to the absolute zero with a good deal 
of confidence. Now the result is, that the 
amount of entropy lost during the whole of this 
cooling is just equal to the amount which, ac- 
cording to the theory, the gas started out with. 
The entropy of the solid at the absolute zero is 
therefore, according to this combination of theory 
and experiment, zero. 

What shall we take this as meaning? Well, it 
is to be noted that the solidified gas is a crystal, 
which is the most regular and orderly arrange- 
ment of molecules that exists in Nature. So long 
as the crystal is warm, there is still the disorder 
due to thermal agitation; but the nearer it falls 
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to the absolute zero, the more closely this form 
of disorder approaches to its absolute minimum. 
The testimony of the data is that in its most 
orderly form, matter has for its entropy the 
value zero. 

I have now made two statements about 
entropy: first, that it always increases and 
never decreases, at least not without interven- 
tion diabolical or human; and second, that for 
matter in its most orderly form it has its mini- 
mum value of zero. I combine these into a 
single statement: Entropy is a measure of dis- 
order, and disorder always tends of itself to in- 
crease. 

The merit of this statement is that it sounds 
reasonable on its face. We all know that the 
passage from order to disorder is one of those 
one-way-street processes of which I have been 
speaking. When we return to our hotel this 
evening, we shall find our rooms all nicely put in 
order, but we shall not assume for one moment 
that they put themselves that way—we shall 
infer that someone intervened, though we shall 
not have to assume that it was the devil. 
Another merit is, that it is a short, curt, snappy 
statement. There is, of course, a serious diffi- 
culty about snappy statements. They cannot 
be made to cover all cases without redefining 
their terms in very elaborate ways, and when this 
has been done, the combination of statement plus 
redefinition of terms is no longer snappy, but is 
likely to be quite the reverse. Such is very much 
the case with my statement about entropy, but 
as a short statement, easy to remember, it has 
its good points, and I should like to leave it in 
your memories. Now it occurs to me how I can 
bring Thomas Jefferson into this story. Another 
thing which Dr. Becker said was that Jefferson 
did not want a government to do very much. 
About all he wanted it to do was to maintain 
order. In other words, he wanted government 
to keep the entropy down. Not very much, 
indeed! It would be too much even for a 
dictator. 











































































































































































































SEPTEMBER 18, 1940, marked the centenary 
of the death of America’s most versatile and 
most tragic naturalist—Constantine Samuel Ra- 
finesque. During his relatively short life he ran 
the whole gamut of sorrows. But despite the 
sorrows and physical pains that plagued him 
throughout his life, he gave to science many 
contributions, some of value, others of interest 
but of no great importance. 

April 13, 1943, marked the bicentenary of the 
birth of Thomas Jefferson, America’s most versa- 
tile statesman and an enthusiastic naturalist. 
He died on July 4, 1826. His influence affected 
almost every phase of American culture during 
his long life. It continues to permeate it today. 
His biography is too well known to require 
comment here. The correspondence between 
Jefferson and Rafinesque, which is here pub- 
lished for the first time, shows especially Jeffer- 
son's interest in science and scientists, and the 
progress of building the University of Virginia. 
It gives us a new insight into several aspects of 
Rafinesque’s life and work. 

Rafinesque was born in Turkey, October 22, 
1783, of French-German descent. He came to 
the United States in the spring of 1802, landing 
at the port of Philadelphia. He was fascinated 
by the new flora surrounding him and immedi- 
ately began naming supposedly new genera and 
species. While in business in Philadelphia he 
made many trips into the surrounding country, 
collecting and naming new plants. 

In 1804 he resigned his clerkship and made 
extended botanical tours into Maryland, Vir- 
ginia, and the District of Columbia. While in 
Washington he was introduced to Jefferson 
through the courtesy of General Henry Dear- 
born, Secretary of War in Jefferson’s Cabinet. 
Jefferson immediately saw in Rafinesque a young 
man of extraordinary talents, with an unusual 
knowledge of plants. Each must have fasci- 
nated the other, for they had many common 
interests. Both were intense lovers of nature 
and all her creations, and their versatility em- 
braced all things. Jefferson differed in one 
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fundamental way from Rafinesque: he paid 
minute attention to details, while the other had 
no time for them. Rafinesque was a traveler 
and must move on. 

A few months after meeting Jefferson, Ra- 
finesque left the United States for Italy and 
Sicily, where he lived for ten years. There he 
traveled, explored, and wrote many papers on 
his discoveries. He returned to the United 
States in 1815, and in the fall of 1819 accepted a 
professorship in Transylvania University, at 
Lexington, Kentucky. This university had been 
formed by combining two earlier schools, Tran- 
sylvania Seminary and Kentucky Academy. 
During Rafinesque’s connection with the uni- 
versity, the Reverend Horace Holly was presi- 
dent. Rafinesque left Transylvania University 
in 1826, and went to Philadelphia where he 
lived the remainder of his life. He died, in 
poverty, in a garret in 1840. A number of his 
friends prevented his body from being sold to a 
medical school and gave it a decent burial. 
Today his body lies in a grave on the campus of 
Transylvania University. 

The correspondence between Jefferson and 
Rafinesque covers two periods of Rafinesque’s 
life: the first, in the year 1804, just before he 
sailed for Italy; the second, during his professor- 
ship at Transylvania University. 

The only meeting between Rafinesque and 
Jefferson took place in the early part of the 
summer of 1804. Jefferson was serving his first 
term as President. The meeting was evidently 
cordial and enthusiastic, for Rafinesque called 
again at the White House on July 23, a few days 
after his first visit. Finding that Jefferson had 
gone to Monticello, his home at Charlottesville, 
Virginia, for his usual summer visit, he wrote 
the following letter to him. 


Sir: 
An excursion of a few days, I took into Virginia 
the day after having had the honor of being pre- 


1 Letter in Tucker-Coleman Collection in Department of 
Research and Record, Colonial Williamsburg, Inc. 


MAY, 1944 
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sented to you, prevented me from calling again upon 
you before this day; when I heard you had departed 
for Monticello. I therefore take the liberty of 
adressing you this Letter for the purpose of con- 
veying you, at least, a small parcell of the seeds of 
the Jeffersonia binata,? I intended to have presented 
you with, at my second interview, together with one 
dry capsul of the plant for a specimen of its fruit. 

Wishing they may grow with you, I remain with 
the Sincerest esteem 









Sir 
Your most obed*. Serv‘. 
C. S. RAFINESQUE 
ae. Cae 







Washington 23°¢. July 1804 





The Jeffersonia binata was called formerly Podo- 
pbhyllum diphyllum by Linneus and was quite lately 
named J. bartonia by Michaux (in his flora borealis- 
Americana) but Dr. Barton’s name being the best 
suited is to be retained. 

I am collecting materials and informations for a 
compleat flora of the middle atlantic States, my 
interview with you having been so short, I have been 
prevented from asking you if it was in your power to 
add any of either to my already extensive stock of 
them; anything new in that way and in whatever 
relates in the least to native plants would be grate- 
fully received and acknowledged by Y*. anew Ob*. S*, 

C. S. RAFINESQUE 
Care Mr. L. Tarascon 
Philadelphia 














Jefferson replied‘ to Rafinesque’s letter some- 
time between July 28, when he received it, and 
November 27, when Rafinesque again wrote him. 











[Philadelphia] Nov. 27, 1804 
SiR: 





Having left Washington City soon after sending 
you a few seeds of the Jeffersonia, I did not receive 
the Letter you wrote me in answer, until having 
heard there was a Letter for me at the Post office of 
that City, I made application for it and got it at my 
return from a journey to the Blue-mountains of 
Pennsylvania and New-Jersey. 

It is with regret I perceive, that pursuits of an 
opposite Nature to Botany and Natural History 
those ever pleasing Sciences for an enlightened Soul, 
have weakened your familiarity with them; but am 
extremely thankful for your offer of recommending 
me to good Botanical Counsellors whenever I shall 
come to your part of the Country, it is likely I shall 














2 Now called Jeffersonia diphylla. 

3 Tournez s'il vous plait (please turn over). 

‘ This letter has not been found. 

5 Letter in Tucker-Coleman Collection in Department of 
Research and Record, Colonial Williamsburg, Inc. 
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visit Virginia again next year, and shall then make 
up of your kind offer if I have the honor of seeing 
you again either at Washington or Monticello. 

I am going to send this winter a Florula Columbica‘® 
to Dr. Mitchill for his Medical repository,’ it will 
contain a catalogue of nearly 800 plants I have 
found in the Territory or District of Columbia both 
in Virginia & Maryland and a short Description or 
rather Car. Spec. of several New plants. 

The Western parts of the U. S. are as yet very 
little known. I intend to go and explore part of 
Kentucky & Ohio next Spring. I wish I could go 
still farther and across the Mississipi into the un- 
explored region of Louisiana, but it is a mere im- 
possibility in my private Capacity to visit such 
unsettled and as yet very wild Country. I wonder 
the American Gover' have not sent some Botanist 
there along with Mess’. Lewis & Hunter; a Country 
containing perhaps a great number of the Valuable 
Vegetables of Mexico is worth and deserves highly to 
be fully explored; If it ever seems worthwhile to you, 
to send a Botanist in Company with the parties you 
propose to make visit the Akansas or other Rivers, 
I can not forbear Mentioning that I would think 
myself highly honored with the choice of in being 
selected to make known the Veget®. and Animal 
riches of such a New Country and would think that 
Glory fully adequate to compensate the dangers and 
difficulties to encounter. 

I remain respectfully Sir 
Y". most Obed* Serv' 
C. S. RAFINESQUE 

His Exc’. Tu. JEFFERSON 


Jefferson replied to Rafinesque’s letter of 
November 27 on December 15. 


Washington December 15. 1804° 
SIR: 
I have to acknoledge the receipt of your favor of 
Nov. 27. I have it in contemplation to send in the 
ensuing spring a party up the Red river to it’s source, 
thence to the head of the Arkansas and down it to 
it’s mouth; principally to ascertain the geography of 
these rivers and incidentally only to know the pro- 
duction of the country. but it depends on the 
legislature whether they will authorize the mission 
and provide for it’s expense. if they do it will be 
on that very moderate scale on which our -revenues 
are always dispensed. Mr. Hunter is engaged to go 
with the party. his forte is mineralogy and chem- 
6 Cf. Elbert L. Little, Jr. A note on Rafinesque’s Florula 
Columbica. Proc. Biol. Soc. Washington 56: 57-65, 1943. 
7 The Medical Repository (Samuel Mitchill, editor), 1797- 
1824. The magazine published original essays relative to 
chemistry, medicine, natural history, agriculture, geog- 
raphy, and the arts. It also carried reviews of American 
publications of the above subjects. 
8 Letter in Jefferson Papers, Library of Congress. 
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istry, and he is contented to go merely to satisfy 
his taste in these lines. certainly I should be happy 
to add your botanical talents to the party but that 
is not in my 


power to propose any berth worthy 


with little other 
compensation are expected by the members of the 
party, who are chiefly induced to undertake the 
journey for the gratification only of their curiosity. 
to you your 


your acceptance expenses only 


time and labors have far other value. 
the party will consist of an officer and from 12 to 20 
men and will probably be accompanied by a few 
Indians, as guides and hunters. 


Accept my salutations and best wishes 
Tu: JEFFERSON 


Rafinesque probably never saw this letter. 
He had just sailed from the United States for 
Italy, to be away ten years. If he had received 
the letter before his departure, it no doubt would 
have changed the whole course and tenor of his 
life. Thomas Clifford, Rafinesque’s constant 
friend, replied to Jefferson’s letter. It is in- 
serted here to complete the first period of the 
correspondence. 


Philadelphia 18*®, Dec. 1804.° 
lu. JEFFERSON, Esq. 
SIR: 

In consequence of Mr. C. S. Rafinesque’s desire I 
took the liberty of opening the letter with which you 
honored him and presume from the purport of it 
that you may still wish to engage a Botanist to 
accompany the expedition up the Red River, I am 
induced to trouble you with the information that 
Mr. Rafinesque sailed a few days ago per Leghorn, 
I have no doubt he will much regret the opportunity 
thus lost of exploring so extended field of Botanical 
research and consider himself much obliged for your 
intention of employing him as one of the party. 

Yours very respectfully 
THOMAS CLIFFORD 


While Rafinesque was spending ten years in 
lovely Italy and Sicily, Jefferson had completed 
his second term as President of the United 
States and had retired to his Monticello. In 
January, 1809, he wrote to his friend, James 
Monroe: ‘Five weeks more will relieve me from 
a drudgery to which I am no longer equal, and 
restore me to a scene of tranquillity, amidst my 
family and friends, more congenial to my age and 
natural inclinations.”’ In hisretirement at Monti- 
cello, Jefferson wrote letters, farmed, enjoyed his 
garden, kept up with the happenings in the young 
Republic, and tried to recover his estates from 


’ Letter in Jefferson Papers, Library of Congress. 


EDWIN M. 


BETTS 


the neglect caused by careless overseers during 
his long public service. 

For many years the idea of a university for 
the State of Virginia had been growing in Jeffer- 
son’s mind. By 1817 it had become the passion 
of his life. Rafinesque in the meantime had 
returned to the United States in 1815, and in 
the fall of 1819 had accepted a professorship in 
Transylvania University. 

In 1819 Central College, which had been 
chartered in 1817, but had never opened its 
doors to students, became the University of 
Virginia. Rafinesque, hearing of the new uni- 
versity, with Jefferson at its head, probably 
thought that this would be an ideal place to 
bring his many-sided researches to maturity. 
He applied to Jefferson many times for an 
appointment to a professorship in the university. 
The letters of the second period deal with these 
applications and incidentally show many inter- 
esting aspects of Rafinesque’s life and character. 


Transylvania University 
Lexington KY. 16*®. Sept’. 1819.1 
Hon®!*. THomMAs JEFFERSON 
Monticello 
RESPECTED Sir! 
I hope that no apology will be needful, for taking 


the liberty of adressing you in the character of one of 
the Trustees" of the Central University of Virginia. 
If any was requisite I would endeavour to bring to 
your recollection, the interview I had with you at 
Washington City in 1804, when I was introduced to 
you by Gen!. Dearborn & the kind invitation you 
proferred to visit you at Monticello,’ which I regret 
it was never in my power to do. 

The motive which now prompts me to write you, 
is to let you know that having heard that the Central 
University of Virginia, will soon go into operation, 
on the wise & liberal plan which you have suggested, 
I wish to be considered as a candidate for the pro- 
fessorship most congenial to my pursuits, & beg you 
accordingly to lay before the board of Trustees, the 
annexed Letter, which states such a desire. 

It may be proper, while I offer myself for this 
appointment, to explain what are my qualifications 
& motives. This I mean to do by the following 
private explanations, of which you are at liberty to 
make the needful use, & to communicate any part 

10 Letter in Jefferson Papers, University of Virginia. 

Jefferson was Rector of the Board of Visitors of the 
University. 

2R. E. Call (The Life and Writings of Rafinesque: 48, 
1895) says that Rafinesque visited Jefferson at Monticello. 


The present statement shows that Rafinesque did not 
visit at Monticello. 
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thereof, or the whole, to any other Member of the 
Board. 

I was born in Europe, my father was a frenchman, 
my mother a german. From my earliest youth I 
have felt an innate taste for natural history & natural 
Sciences. I came at an early age in the U. St. of 
America. I lived since many years in Italy & Sicily, 
and I returned to America in 1815 with the intention 
of residing altogether in the U. St. I have travelled 
in them (often on foot) from Vermont to Virginia & 
from Connecticut to Illinois. I have discovered an 
immense number of new Plants, Fishes, Shells, fossils 
etc. and even some new Quadrupeds! Some of my 
American & european discoveries are published, 
many are yet in manuscript. I have published 
several Works & many tracts in the English, french, 
italian and latin languages. My flora of Louisiana™ 
was sent you by mail. You will find many of my 
late Tracts in the American Journal of Science,“ the 
American Monthly Magazine & the Western Re- 
view.'© I have been elected member of several 
learned Societies, and if it should be necessary to 
exhibit Certificates of my Abilities, I could produce 
those of my worthy friends Dewitt Clinton,!’ Dr. 
Sam L. Mitchill,! Zaccheus Collins!® and others. 

I am now well situated in this town; but some un- 
towards Circumstances in this University, might 
induce me to prefer a more eligible situation else- 
where, & nearer from the Atlantic Shores. 

If in the infancy of your University, it might 
become needful or desirable to acumulate several 
departments on one professor, as you have already 
united the different branches of Natural history in 
one professorship, I might undertake to teach at 
the same time the following branches, (which I am 
fully competent to teach) provided a small additional 
compensation might be allowed: they are the french 
& italian languages, materia medica, Natural phil- 
osophy, Geometry, Map drawing, Natural history 
drawing, Political Economy &c. 

I have an extensive & rich herbarium of Ameri- 
can plants, a small library &c., which would be 
deposited in the University. I might be willing to 


8 Florula Ludoviciana; or, A Flora of the State of Lou- 
isiana. New York, 1817. This book is listed in the 
catalogue of Jefferson’s library. Rafinesque’s name ap- 
pears several other times in Jefferson’s catalogue, but 
never with the title of the work added. 

14 American Journal of Science. New Haven, 1818- 

4 American Monthly Magazine and Critical Review. 
New York, 1817-1819. 

16 Western Review and Miscellaneous Magazine. 
ton, Kentucky, 1819-1821. 

17 De Witt Clinton (1769-1828), American statesman. 
New York. 

18 Samuel Latham Mitchill (1764-1831), American phy- 
sician and naturalist. New York. 

19 Zaccheus Collins (1764-1831), American naturalist. 
Philadelphia. 
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set apart annuelly one fourth or one third of my 
emoluments for the purchase of books, to increase 
the library of the Univ’. 

I am imperfectly acquainted as yet with the new 
arrangements & dispositions taken by your board, 
except what has been published in the Newspapers. 
I don’t know when & how the Univ’ is to be fully 
organized, nor what allowances will be made. I shall 
merely add that my expectations are moderate; but 
my zeal very great. It would be gratifying, if you 
could let me know at your leasure how the Univ’. 
progresses, adding any needful explanations, & 
asking freely any additional details from me. 

I have the honor to be resp: ctfully—Sir 
Your Obed‘ S* 
C. S. RAFINESQUE 


The following letter was enclosed with the one 
just presented. 


Lexington KY. 16*®. Sept". 1819 
To the TRUSTEES OF THE CENTRAL UNIVERSITY OF 
VIRGINIA. 
GENTLEMEN— 

I beg leave to offer myself as a Candidate for the 
Professorship of Natural History (in all its branches, 
such as Botany, Zoology, Mineralogy & Geology:) 
in your University, whenever such an appointment 
shall be made. 

I am respectfully 
Gentlemen 
Your most humbe Serv‘. 
C. S. RAFINESQUE 
Professor of Botany & Natural History in ‘the 
Transylvania University, &c. 


Member of the Royal Institute of Naples, the 
Italian Society of Arts & Sciences, the Literary 
and philosophical Society of New York, the his- 
torical Society of New York, the Lyceum of 
Natural history of New York, the Academy of 
Natural Sciences of Philadelphia &c. 


Author of the Analysis of Nature,?° the New 
Genera of Sicilian animals & Plants,* the Mirror 
of Sciences,” the flora of Louisiana &c. 


Monticello Nov. 7. 19.% 
SIR 
A long and severe illness, from which I am but now 
recovering must apologize for this late acknolege- 
ment of your letter of Sep. 16. received on the 6**. 


20 Analyse de la nature ou tableau de l'univers et des 
corps organisés. Palerme, 1815. 

21 Caratteri di alcuni nuovi generi e nuovi specie di animalt 
e piante della Sicilia con varie osservazioni sopra i medesimi. 
Palermo, 1810. 

2 Specchio delle scienze &c. First volume, 1814. 
eled upon Dr. Mitchill’s Medical Repository. 
3 Letter in Jefferson Papers, University of Virginia. 


Mod- 
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of Oct. the Visitors of the University having de- 
termined to employ all their funds in providing for 
the accomodation of Professors and students untill 
these are compleated, there is of course an entire 
suspension of the appointment of professors. when 
the University can be opened is quite uncertain, but 
surely not till the year after the next. I will take 
care to lay your letter™ before the board in due time, 
and have no doubt it will command all the considera- 
tion which your well known qualifications entitle 
it to. 
Accept my salutations of esteem & respect. 
Tu: JEFFERSON 
M*. RAFFINESQUE 


Lexington Ky 18*. Oct". 1820% 
Hon”!* Tu. JEFFERSON 
late Pr*. of the U. St. 
RESPECTED SIR 

I lately took the liberty to address you three 
Letters on American or rather Alleghanee Antiqui- 
ties, which were published in the Kentucky Re- 
porter " 

I now transmit you Prospectus of a new literary 
undertaking,?” with some details of its future con- 
tents, (in a Number of the Reporter). I will be the 
principal Editor of this Journal, to which many 
eminent individuals will contribute. We solicit your 
patronage, and hope to deserve it. 

I sent you the first Number of my Annals of 
Nature” last Spring, I hope that it was duly re- 
ceived. 

If you should answer me, please let me know 
something about the prospects of the Central Uni- 
versity of Virginia. 

Believe me Sir! respectfully and Sincerely 
Your S* & Wellwisher 
Prof. C. S. RAFINESQUE 
PS. Having observed last Spring the beautiful 
Plant called Jeffersonia binata, I have made two 
discoveries relating to it. I. That the flowers smell 
like Jonquil. 2. That the Stamina are apposed to 
the petals, and the plant belongs therefore to the 
natural order of Berberiales. 


* There is no record in the Minutes of the Board of 
Visitors of the university that Rafinesque’s application was 
ever presented. 

* Letter in Jefferson Papers, Massachusetts Historical 
Society. 

*6 Kentucky Reporter. Lexington, Kentucky, 1808-1832. 

27 The Western Minerva or American Annals of Knowl- 
edge and Literature; a Quarterly Journal to be published in 
Lexington, Kentucky. The first number was published 
in January, 1821. The journal was suppressed and only 
three copies were saved from this first number. See letter, 
Rafinesque to Jefferson, January 25, 1821. 
28 Annals of Nature. Lexington, 1820. 
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Monticello Nov. 6. [1820]? 
SIR 

Your favor of Oct. 18. was received yesterday. 
the three letters on Alleganian antiquities have not 
yet come to hand. for the 1°*. n’. of your annals of 
nature I have still to thank you. they have not 
been before acknoleged because the inexorable laws 
of old age and ill health have withdrawn me from the 
labors of the writing table to which I am no longer 
competent. writing is become slow, laborious and 
painful. the Western Minerva will doubtless be 
valuable, and give useful exercise to the talents of 
our Western brethren, whom I rejoice to see ad- 
vancing in the career of science. 

Our University, after which you enquire, will have 
all it’s buildings compleated by this time twelve- 
month. but to accomplish this we have contracted 
a debt which if not taken off our hands by our 
legislature, will require for it’s redemption several 
years of our funds, and so long leave us without the 
means of employing professors. so that the epoch 
of opening it hangs on that dilemma, as does the 
question whether I shall live to see it.*° with sincere 
prayers for the progress of science in every part of 
our country I tender you my friendly and respectful 
salutations. 

Tu: JEFFERSON 

Mr. RAFINESQUE. 


Lexington Ky 25*® Jan” 1821*! 

H°® Tu* JEFFERSON 
Monticello 
RESPECTED SIR 

I have delayed answering your last favor until I 
could send you my Ichthyology of the Ohio, and the 
Western Minerva. The former I have now the 
pleasure to forward you, and shall be glad to know 
your opinion on it. But I cannot send you the 
Western Minerva, although the first number its 
printed, because this Journal is not to be published 
at present. It has been condamned before its appear- 
ance (upon some proof sheets) by a new kind of 
Western Literary Inquisition and Censorship, and 
forbidden to be published, to which we have been 
compelled to assent for peace sake. C'est une cabale 
nouvelle del ignorance contre les lumieres. The prin- 
cipal motives stated in the verbal decree of this new 
Inquisition, were, that the Journal was too learned, 
that it dared to inculcate political and moral Wis- 
dom, to surmise that the Sun does not stand still 


2? Letter in Jefferson Papers, Massachusetts Historical 
Society. 

%© The University of Virginia was opened for instruction 
on March 7, 1825. Jefferson died on July 4, 1826. 

*t Letter in Jefferson Papers, Massachusetts Historical 
Society. 

® Ichthyologia Ohiensis, or Natural History of the Fishes 
Inhabiting the River Ohio and its Tributary Streams, Pre- 
ceded by a Physical Description of the Ohio and its Branches. 
Lexington, 1820. 
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and has an orbit and that the Earth therefore per- 
forms a spiral course through Space, to teach Agri- 
cultural truths, to employ mystification against 
ignorance and folly &c., &c. You will perhaps 
hardly believe that this could happen in the U. St. 
but it is a fact, and although we had 2 or 300 Sub- 
scribers, we must supprest the work, and are even 
forbidden or rather prevented to publish the fact in 
the newspapers. If I can recover some proof-sheets, 
I will send them to you: they will be a literary 
Curiosity, and you will judge whether the decree 
was just, timely or even excusable. 

This is but one of the many difficulties which I 
experience in the prosecution of my labors; but after 
a momentary despondency, my courage and zeal 
overcome them. 

I am however tired of being sequestered in a spot 
where my labors are but partially appreciated, and 
I long for a wider field, where I may have an oppor- 
tunity of enlarging the Sphere of Knowledge without 
restraint. 

I have read your Report to the Legislature of 
Virginia. I am sorry to perceive that you do not 
wish to Organize immediately your University. 
You must be aware that the Professors which are to 
be called to it, must come from far, some perhaps 
from Europe (if I am rightly informed) and one or 
two years, will be requisite for them to prepare 
themselves, settle their interests and come. It 
might perhaps be advisable to name immediately 
your Professors, which might only take possession in 
due time; if some should refuse the appointment, 
you would then have time to name others. I say 
so because it is my wish that a prompt decision might 
take place and in your life time. If I was elected in 
any branch, it would be greatly beneficial to me, 
even if I was only to take possession in five years: 
and meantime I am prevented by this hope from 
applying any where else. 

[ have heard it mentioned in conversation that you 
meant perhaps to send to Europe for all your Pro- 
fessors.* I hope that this is not the case, at least 
for all: and in what relates to me, I do not know a 
single Individual either in the U. St. or in Europe, 
who is at the same time equally acquainted with 
Geology, Mineralogy, Meteorology, Zoology, and 
Botany as Iam. I am in correspondance with the 
most distinguished Naturalists & Botanists of both 
continents, and when it will be needful, extracts from 
their Letters will show how they value my labors and 
discoveries. It will be sufficient to name in Europe 
Dr. Leach™ the best Zoologist of England, Prof. 
Hooker® of Glasgow, the best Scotch Botanist. 


% Five of the first eight professors of the university came 
from Europe. 

4 William Elford Leach (1790-1836), English naturalist 
and physician. 

% Sir William Jackson Hooker (1785-1865), English 
botanist. 
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W. Swainson**—the author of Zoological Illustrations 

Dr. Sealy—of Cork in Ireland 

Chevalier Cuvier*”—of Paris 

Prof. Decandolle® of Geneva, the first European 
botanist. 

Prof. Delille*® of Montpellier. 

Mr. Bory St. Vincent,*® Editor of Annals of Phyl. 
Science. 

Prof. Graverhorst" of Breslau. 

M. Blainville*—Paris, Editor of Journal D’hist. 
Naturelle. 

And in the United States, Stephen Elliot® of Charles- 

ton, Dr. Torrey“ of New York, Dr. Mitchill, 

Gov’. Clinton, &c. 


If the Election of your Professors is still delayed, 
and you may recommend me meantime for some 
other literary situation, | hope you will remember 
me. The liberal offer of my Library, Museum and 
Herbarium, ought to show how zealous I am for 
Science, even against my interest. Whenever I shall 
have a liberal Salary, I shall not spend it as many 
of our American Professors have done till now, in 
giving parties and carousing; but in performing 
Scientific Travels (in the vacation), publishing im- 
portant works, purchasing rare books &c. 

I hope you will excuse whatever may be too 
personal, and bold in this letter. I write under 
some sharp feelings; and wish you could know me 
thoroughly. Your discernment will perform the 
task. Believe me Respected Sir, Sincerely Yours 

Prof. C. S. RAFINESQUE 
PS. Whoare the other Trustees of your University? 
Lexington Ky. 3¢. April 1821.“ 
Hon?!*, Tu’. JEFFERSON 
Monticello 
RESPECTED SiR! 

I have lately done myself the pleasure to forward 
you a Copy of my Ichthyologia Ohiensis, and of the 
Catalogue of our University. 

I have since seen in the Richmond Enquirer* that 
the Legislature of Virginia have provided for the 
36 William Swainson (1789-1855), English naturalist. 

37 Georges Léopold Chrétien Frédéric Dagobert Cuvier 
(1769-1832), French naturalist. 

38 Augustin Pyramus de Candolle (1778-1841), Swiss 
botanist. 

39 Probably Jacques Delille (1738-1813), French poet. 

4 Bory de St. Vincent (1778-1846), French geologist and 
naturalist. 

4t Johannes Ludwig Cristian Gravenhorst (1777-1857), 
German naturalist. 

4“ Henri Marie D. de Blainville (1777-1850), French 
naturalist. 

48 Stephen Elliott (1771-1830), American botanist. 

“John Torrey (1796-1873), American botanist and 
physician. 

46 Letter in Jefferson Papers, Massachusetts Historical 
Society. 


46 Richmond Enquirer. Richmond, Virginia, 1804-1877. 
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complement of the buildings of the University of 
Virginia, and it is expected that the Institution will 
go into operation on the 1**. January next. If this 
is really the case, the appointments of Professors 
cannot be delayed much longer, and it might be 
proper for me to 
formerly 

As I that in circumstance, it 
might be well to give to the Trustees of the Institu- 
tion a slight Knowledge of my qualifications; as they 
are probably not acquainted with the extent & 
I take the liberty to hand 
you a Catalogue of my Works, which is the best 
evidence I can produce of my labours, in my behalf. 


renew the application which I 
made. 


conceive such a 


variety of my labours; 


I add also a sketch of the honors conferred on me, by 
several learned Societies, the names of some of my 
Scientific Correspondents, some short testimonials 
of theirs in my favor, and an Account of my Library 
& Collections. 

I hope you will lay the whole before the board of 
Trustees, together with my former application & 
offer, which I expect may be joined to your kind 
Recommendation. 

If any thing else is to be done, I wish I was aprised 
of it, in order to comply in time. 

Allow me to conclude that if my application is 
attended to, I trust to shed some slight fame on 
the University of Virginia, by my future works, and 
Discoveries, as I mean to employ part of my Salary 
in publishing the numerous manuscripts & Drawings, 
which I have by me. 

If I knew whether I have any competition and 
who they are, | might perhaps show by a comparison 
of their labours with mine, who was the most de- 
serving of notice. And at any rate I trust that none 
could ever exceed me in zeal and industrious re- 
searches. 

Believe me, Dear & Respected Sir truly 
Your Obed‘. S*. & Wellwisher 
Prof. C. S. RAFINESQUE 


Testimonials 
In favor of Prof". C. S. Rafinesque 


Prof". C. S. Rafinesque was elected Member of the 
Royal Institute of Naples in 1814. 

Of the Italian Academy of Arts & Sciences in 1815. 

Of the Literary & Philosophical Society of New York 
in 1816. 

Of the Academy of Natural Sciences of Philadelphia 
in 1816. 

Of the Historical Society of New York in 1817. 

Of the Lyceum of Natural history of New York in 
1817. Being one of the Founders & framers of 
this Institution. 

Of the Medical Societies of Lexington and Cincinnati 
in 1819, 

Of the American Antiquarian Society in 1820. 
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C. S. Rafinesque reckons in the number of his friends 
and Correspondents 


In Europe 

Chevalier Cuvier of Paris. 

Mr. Bory St. Vincent of the French Academy. 

Mess. Blainville, Noel,*’ Geoffroy,® &c. of Paris 

Prof. DeCandolle of Geneva, the first Botanist of the 
Continent. 

Prof. Delille of Montpellier. 

Mess. Vanmons**® & Drapier®® of Bruxelles. 

Mess. Swainson of Liverpool. 

Dr. Leach of the British Museum the best naturalist 
in England. 

Prof. Gravenhorst of Breslau. 

Prof. Shultze™ of Bavaria. 

Prof. Romer®™ of Zurich. 

Mr. Moricand® of Geneva. 

Prof. Savi™ of Pisa. 

Prof*. Jacquin® & Schreber® of Vienna &c., &c. 


In America 
Prof. S. L. Mitchill of New York. 
Dr. John Torrey of New York. 
Lyceum. 
Governor Dewitt Clinton. 
Zaccheus Collins Esq. Vice pres‘. of the Academy. 
Mess. Haines,®*? Ord,*® Dr. Mease,®® &c., of Phila- 
delphia. 
Prof. Hall® & Mr. Hayden® of Baltimore. 
Stephen Elliot Esq. Pres’. of the Philosophical So- 
ciety of Charleston, &c., &c. 


Vice Pres*. of the 


Extracts from a Testimonial Letter of the Lyceum of 


New York 


‘7 Simon Barthélemy Joseph Noél (1765-1822), French 
naturalist. 

‘48 Etienne Geoffroy Saint-Hilaire (1772-1844), French 
naturalist. 

49 Jean Baptiste van Mons (1765-1842), Belgian chemist 
and pomologist. 

*° Pedro Augusto Jose Drapier (1778-1856), Belgian 
chemist. 

5t Probably Friedrich 
German economist. 

® Johann Jacob Romer (1763-1819), Swiss botanist. 

58 Moise Etienne Moricand (1780-1854), Swiss botanist. 

5% Paola Savi (1798-1871), Italian naturalist. 

5 Nicolas Joseph Jacquin (1727-1817), Dutch botanist. 

86 Johann Christian Daniel von Schreber (1739-1810), 
German naturalist. 

57 Reuben Haines ( 1831), American philanthropist. 

58 George Ord (1781-1866), American naturalist. 

** James Mease (1771-1846), American physician and 
naturalist. 

60 Pre »bably 
author. 


6! Probably Horace H. Hayden (1769-1844), naturalist 
and dentist. 


Gottlob Schultze (1795-1860), 


Hall 


John Elihu (1783-1829), American 


















“It is our opinion that the said C. S. Rafinesque 
is a learned and distinguished Naturalist. His zeal 
& Science are of a very high Order. His manners 
are modest and unassuming. We entertain a well 
grounded expectation that this Gentleman will 
greatly enlarge our knowledge in Natural Sciences. 
&c.”” 

New York 6% April 1818. 


Extract of a Letter from Dr. Leach to C. S. R. 

“I was utterly unacquainted with your excellent 
little Work (Precis des De’couvertes)® when I saw 
it at Cuvier’s (when I was last in Paris) with your 
other works. I send you some of my Works. I de- 
test as well as you the imperfect and artificial System 
of the Great Linneus, you deserve credit for intro- 
ducing the Natural Methods in America. &c.” 
London 15* Sept’. 1818. 


Extract of a letter from Cuvier (translation) 
‘“‘T have been much pleased to find in your Works, 
many new Animals, and some which I thought new, 


although you had detected them before me. I have 
also found that you have noticed before me many 
generic and subgeneric Differences. I shall not fail 
to avail myself of this & the Accounts you give 
me &c.” 

Paris 28 April 1818. 


Extract of a Letter from Decandolle (translation) 

“You will see in my Species plantarum that I have 
rendered due justice to your discoveries whenever 
they were known to me. Acquaint me with your 
new discoveries & I will avail myself of them. &c.”’ 
Geneva 6'", May 1818. 


Extract of a Letter from W. Swainson 

“I like your Annals of Nature exceedingly, I 
approve much of the plan and execution. I send 
you many plants, fossils, Shells &c., and Prof. Hooker 
of Glasgow has sent me a fine collection of plants 
for you &c.” 
Liverpool June 1820. 


Extract of a Letter from St. Elliot 

“It will give me great satisfaction to maintain 
with you not a casual correspondence, but a steady 
& friendly intercourse, from which I hope to derive 
much pleasure & knowledge. I feel duly sensible for 
the favorable opinion you have expressed of my 
Botany of the Southern States. I. am anxious to 
see your Annals of Nature, set me down as a Sub- 
scriber to it and every other work which you may 

®& Précis des decouvertes et travaux somiologigues. Pa- 
lerme, 1814. 
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publish. I shall be much obliged to you for hints, 
notes & any assistance, that shall make my work 
more correct & valuable &c.”’ 

Charleston, 11 July 1817. 


Sketch of Prof. Rafinesque’s Collections. 

His Library consists in about 1000 Select Volumes 
on Phisics, Chemistry, Natural history, Botany, 
Mineralogy, Philosophy, Travels & Miscellaneous 
Works, in Latin, English, french, Italian &c. 

His Herbarium Contains already about 12000 
Specimens, belonging to about 2000 American species 
& 1000 European or exotic Species, and is increasing 
every year. 

His Natural Collection consist in about 2000 
Specimens of Shells, fossil remains, Minerals, Insects, 
Polyps & other zoological Subjects, mostly American. 


Lexington 1821 


co. &. 


April 





Lexington Kent” 

Transylv. UnY. 24. Feb¥. 1822 
Hon>!* Tu’. JEFFERSON 
Monticello 
RESPECTED SiR! 

I take the liberty to send you the Kentucky 
Gazette™ coiutaining the first number of a Series of 
Essays under the name of the Cosmonist,® and shall 
regularly send you the other numbers, hoping that 
they will afford you some gratification. 

I am rather anxious to hear something precise 
concerning the University of Virginia, and my 
prospects relating thereto, since I have some ex- 
pectation to be offered the Presidency of the Cumber- 
land College of Nashville and the Western College 
of Kentucky seated at Hopkinsville; but although 
these situations will be highly honorable, the arduous 
duties belonging thereto would induce me to decline 
them, if my appointment to the Un” of Virginia was 
rather proximate and probable. 

I would consider it as a favor, if you would lay 
this topic before the Board of Trustees of the Un’ 
of Virg. and in addition to what I have already 
stated at various times, please to acquaint them with 
the following facts and propositions. 

There is now for sale in this town, the valuable 
Museum of my late friend John D. Clifford, which 
contains about 8000 Specimens of Indian Implements 
(many very rare) Minerals, fossils and animals, 
many of which are new, undescribed and unique. 
The price asked for it is $2000. If I should be ap- 


6 Letter in Jefferson Papers, Massachusetts Historical 
Society. 

6 Kentucky Gazette. Lexington, 1787-1848. 

6 The Cosmonist or 15 Tracts on Natural History. 
ington, 1822. 
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pointed Professor in your University, | mean to 
purchase it at my expense and make a donation of 
it to the University. This united to my own Cabi- 
net, which I have largely increased lately, containing 
now more than 4000 Specimens of Minerals and 
Animals, and my herbarium, increased to 15000 
American and european Specimens, would form the 
basis of a respectable Museum of about 27000 Speci- 
mens, which | offer to the Univ’. I would take 
charge of it, as keeper and Director and oblige myself 
to increase it annually by collections, exchanges, 
purchases &c with 2000 Specimens at least, which 
would make your Museum rich of fifty thousand 
Specimens in ten years and seventy thousand in 
twenty, without any charge to the Un’, except pro- 
viding the rooms and trifling incidental expenses. 
Moreover should it be the intention and pleasure 
of the Trustees to have a Botanical Garden, I will 
take upon me the duties of forming and directing 
one, if a suitable ground is provided. I have now 
with me 3 Or 400 kinds of seeds lately rec’d from 
Europe and could annually receive from my friends 
1000 species of seeds. I would pay all the expenses 
except the buildings and 
salary of a working Gardener. I could therefore 
pledge myself to establish a Botanical garden by 
degrees say in 3 or 4 years, for $1000 in buildings & 
walls and $2 or 300 annual contingencies & Salaries. 
I hope tha 


attending this Garden 


these propositions will meet your 
attention, and I trust that you will perceive the 
necessity of giving me a timely notice of their 
Mr. Clifford’s Museum may be sold 
away, if much delay is employed, and I require one 
year to prepare myself for and effect my removal. 
Should I become President of one of our Western 
College I must become engaged therein for two or 
three years at least. 


acceptance. 


In the hope of soon hearing from you on this 
interesting Subject, | remain meantime Very re- 
spectfully 

Yours &c. 

C. S. RAFINESQUE 

Prof® in Trans. Un’. 
PS. I sent you last fall a Prospectus of my Miscel- 
laneous Works, I now send you a few copies to be 
given to some of your fellow Trustees, who are not 
perhaps acquainted with my Scientific & literary 
labours. 


M°. Feb. 20 1822% 
SIR 


I rec® 


ds the accom- 


paniments ment® in it will probably arrive by another 
mail and shall be disposed of as you desire. the 
prospect of the opening of our Univ’ is at present 
but distant. we 


yesterday your favor of the 2 


incurred a great debt in 
erecting our buildings on the hypothecn of our funds 


have 


** Letter in Jefferson Papers, Massachusetts Historical 
Society. 
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to redeem which will employ the whole of them for 
many years, unless relieved by the legislature of 
which there is little promise at present. in this 
stage of things it would be unjustifiable in me to 
say anything which should prevent your accepting 
any offers which you might be disposed to listen to 
from other quarters. our Visitors®’ do not meet till 
April next then I will lay before them your offers of 
subjects of Nat!. history which they will doubtless 
consider as evidences of particular liberality. 

| pray you to accept the assur® of my gr* respect. 

(Tu: JEFFERSON | 
Lexington KY 24*, Sept’. 1822® 
Hon>!* Tu* JEFFERSON 
Monticello 
RESPECTED SiR! 

I beg leave to send you, by mail together with 
these lines 6 pamphlets cont*. a Dozen Memoirs of 
mine published in Europe in French on Zoology and 
Botany, and forming the beginning of a long Series 
of similar Tracts which are Sent printing, forwarded 
or in preparation. Such is the state as yet of 
Natural Sciences in our Country that I have re- 
luctantly been compelled to send my labours thus 
far to be published, and ‘only receive them again 
after a couple of years and travelling 10000 miles! 
The sequel will be sent to you when it reaches me. 

Amongst my numerous botanical Discoveries this 
year in Kentucky, I have found a new, rare and 
valuable Tree belonging to the genus Virgilia, but 
different from the Virgilia lutea of the Mountains of 
Georgia. It is 30 to 40 feet high with broad leaves, 
like ash-leaves, and it dies a beautiful yellow like 
the V. lutea & V. aurea. I call it Virgilia frag[rans: ] 
in vulgar language Yellow Locust, the country people 
had nonameforit. It grows scantily in the bottoms 
of the River Kentucky, and will grow well in 
Virginia. I send you the inclosed several pods, 
which you may raise yourself or present to your 
Agricultural friends. It grows quick, has a fine 
foliage and bloom, but the branches are exceedingly 
brittle. 

I have not heard as yet when the University of 
Virginia is to go in operation. Not having heard 
from you I suppose that my, liberal offer. was not 
accepted, and my endeavors to stimulate by my 
exertions the study of my favorite Sciences will not 
succeed. I wish that passive talents may not be 
prefered to ardent Zeal and Knowledge without 
hoping it. Meantime I am on the point of endowing 
Transylvania University with all my past Collections 
amounting to about 30000 specimens of plants, 
animals & minerals, as soon as the Trustees will be 
able to enter into some needful arrangements in the 


6? So far as the Minutes of the Board of Visitors record, 
Jefferson did not lay Rafinesque’s offer before the board. 

68 Letter in Tucker-Coleman Collection in Department 
of Research and Record, Colonial Williamsburg, Inc. 











Subject, in which case I shall not be able to renew 
my offer to the Univ’. of Virg[inia} when it might 
be convenient to accept it. 
I wish you health, prosperity, a long and happy 

life, Meantime remaining respectfully 

Your Obd*. Serv‘ 

C. S. RAFINESQUE 

Prof*. &c. 


Monticello Oct. 9. 22.59 


SIR 

Your favor of Sept. 24. is received, and I thank 
you for the seeds it covered. too old to plant trees 
for my own gratification, I shall do it for my pos- 
terity. the pamphlets therein mentioned will prob- 
ably come by subsequent mails, tho’ those mentioned 
in your letter of Feb. 2. did notcome. the preference 
given to letters sometimes occasion the Postmasters 
to omit printed papers. you mentioned not having 
heard from me in answer to that letter. I answered 
it however the day following it’s receipt in these 
words. Feb. 20.7° ‘Sir, I received yesterday your 
favor of the 2¢. the accompaniments mentioned in 
it will probably arrive by another mail and shall be 
disposed of as you desire. the prospect of the 
opening of our University is at present but distant. 
we have incurred a great debt in erecting our build- 
ings on the hypothecation of our funds; to redeem 
which will employ the whole of them for many years, 
unless relieved by the legislature of which there is 
little promise at present. in this state of things it 
would be unjustifiable in me to say any thing which 
should prevent your accepting any offer which you 
might be disposed to listen to from other quarters’. 

So far my letter of Feb. 20. to which no change of 
circumstance enables me to add any thing more 
definite. I may say further that the torpor of age 
has nearly extinguished my attention to scientific 
subjects, and the same cause, with a stiffened wrist, 
renders writing so slow and painful as to disable me 
from executing the duties of correspondence. I pray 
you to accept the assurance of my great respect. 

Tu: JEFFERSON 
Mr. RAFFINESQUE 


Lexington Kent” 
15*® FebrY¥ 18247 
Hon?'® THOMAS JEFFERSON 
Monticello 
RESPECTED Sir! 

I perceive by the newspapers, that the University 
of Virginia is to be put immediately in operation; 
and on that occasion I beg leave to renew my 
former application, to be considered a Candidate for 


6° Letter in Jefferson Papers, Massachusetts Historical 
Society. 

70 See letter, Jefferson to Rafinesque, February 20, 1822. 
™ Letter in Jefferson Papers, University of Virginia. 
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any Professorship that may be established and for 
which I may be found fitted. I need not repeat my 
former offers and explanations, hoping that they are 
still kept in mind. I have merely to add that the 
Sciences which I should prefer to teach above all 
others would be Botany, Zoology, Mineralogy, Geol- 
ogy, Physics, Sometry, Mental Philosophy, The 
Ancient history of America, Archeology, Universal 
phonology and Philology, &c: being such branches 
of knowledge in which I have made the most im- 
portant discoveries and researches. 

The best proofs and recommendations which I can 
exhibit, consist in my works on these subjects and 
other departments of Science. A Catalogue of my 
latest Works and Manuscripts is accordingly in- 
closed to which I call your attention and which I 
hope you will comunicate to the Trustees of the 
Virginia University for their consideration. 

If under the untowards Circumstances in which I 
have been placed during the last Six years, I have 
been able to labour so far in the field of Science, 
I hope that you will do me the justice to believe that 
under better auspices, my zeal and industry would be 
prompted to achieve much more. 

Since two years past, I have been honored with 
the title of Doctor of Philosophy by the University 
of Bonn in Germany, and become member of many 
learned Societies. We have also formed here a 
Kentucky Institute of which I am Secretary. 

The Legislature of Kentucky has chartered at my 
solicitation a Botanical, Agricultural and Medical 
Garden in Lexington; but as it has received no 
endowment and depends on subscriptions for sup- 
port, it may languish for a long while. 

The West is not yet mature for Sciences, and I 
wish to leave it for a wider field. If I become a 
Member of the University of Virginia, I pledge 
myself to labour ardently to render it conspicuous in 
my Department. Thenumber of Manuscripts which 
I have named to you and many others only begun, 
which will have little chance of seeing the light in 
Kentucky, may then appear at once, or as soon as 
improved and matured. The mountains of Virginia 
will offer me a wide field of researches and invite my 
zealous attention. 

Let me conclude by stating that whatever may be 
done for me, will be for the immediate advantage of 
Science, Instruction and Knowledge: Since I have 
long ago dedicated myself to them, with heart and 


Soul. Meantime I remain respectfully and Sin- 
cerely 
Honored Sir! 
Your humble & Obt*. S*. 
C. S. RAFINESQUE 
[Inclosure ] 


Catalogue 


Of the principal Works, Essays & Manuscripts 
published or written by C. S. Rafinesque A. M., 
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Doctor of Philosophy, Prof® in Transylvania Uni- 
versity, member of 15 learned or literary Societies in 
the United States or in Europe &c., in the year 1818. 
1819. 1820. 182%. 


1822 & 1823. 
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Florula Ludoviciana or Plants of Louisiana. 
New York. 
Several Reviews in the American Monthly 


ve 

Survey of the progress of Natural Sciences in 
the United States from 1801 to 1817. A. M. 
Magaz. 


Magazine 


Museum of Natural Sciences or Several Essays 
on Botany, Zoology &c., in the Am. My. Mag. 

Description of many new spunges, in Silliman’s 
Journal. 

Description of 3 new genera of Plants, in Ditto. 

Several other tracts in the same Journal. 


II Printed in 1819 
New 


fossils, 


Prodromus of 70 
Animals 


Genera of American 

and published in Paris— 
Journal de Physique. 

Prodromus of 50 new genera of Amer Plants— 
Ditto. 

Remarks on American Botany. Paris. Ditto. 

Review of Nuttall’s genera of Amer. plants, 
New York. 

Monography of American Aphides. N. Y. 

Several other Essays in the Amer. My. Maga- 
zine. 

Memoir on 
Sill. J. 

Memoir on Atmospheric Dust. Ditto. 

Several other Memoirs & Essays in Ditto. 


the genus Florkea. Newhaven. 


Description of two new genera of Fishes, from 
the River Ohio. In the Journal of Acad. 
Nat. Sc. Philadelphia. 


III Printed in 1820 


Annals of Nature, cont®. 25 new genera and 
120 new species of Amer. Animals & Plants. 
Lexington. 

Monography of the Ohio Catfishes. 
J. R. Instit. 


London. 


Many Essays in the Western Review. Lex- 
ington. 
Antiquities of Montgomery County. Lexing- 


ton. 

Monography of American Roses. 30 species— 
in the Journal of Physical Sciences of Brux- 
elles. 


Monography of the Shells of the Ohio 70 
species. Ditto. 
Synandrical Nomenclature. Ditto. 


Classification of the Plants 


Ditto. 


Endogyne, &c. 
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29. 


30. 
ai. 


33. 
34. 


36. 


40. 


46. 
47. 
48. 
49, 
50. 
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. On the Polystome and Porostome Animals. 


. On the Turbinolites of Kentucky. 


Ditto. 


Ditto. 
Many tracts in the Western Review. 


IV Printed in 1821 


Moral and Political Wisdom. In the Western 
Minerva like the 3 following tracts. 

On the Sidereal Bodies. 

On the Antiquities of Fayette County, Ken- 
tucky. 

Many other Scientific & literary essays, in 
W. M. 

Ichthyology of the River Ohio, containing 38 
Genera and 110 Species, mostly new. 
ington. 

Remarks on the Convolvulaceae, Bruxelle An- 
nals Sc. 

Reform of the Genus Lysimachia. Ditto. 

On Hybrid Animals, the Manis Ceonyx, Vis- 
cum &c. Do 





Lex- 


V Printed in 1822 


Psyche or the Immortality of the Soul. 
ington. 


Lex- 


. The Cosmonist or 15 Tracts on Natural His- 


tory. Do. 
Florula Mandenensis. 
Monography of Brachiopites. Bruxelles. 
Principles of Osmics or Classification of all the 
Vegetable odors. Bruxelles. 


. On 18 new families of Dicotyle Plants. Lon- 
don. 
Review of Zoology in the United States. 
Survey of all the Meteors. London. 
VI Printed in 1823 
Classification of Cephalopode Animals, Brux- 


elles. 
Description of 2 new genera of parasite Animals. 
[This number and title omitted by Rafinesque. ] 
Description & figures of 30 new Atlantic Fishes. 
Many other Memoirs in European Journals. 
Erpetology of the United States. First part, 
the Turtles.—&c., &c., &c. 


VII Manuscripts read to the Kentucky Institute 


mui vi 
wh 


on 
ss 


. On 


History of the Shawanee Nation. 

On the Geology of Kentucky. 

the Three great Aboriginal Nations of 
North America, the Talegans, Iztakans and 
Oguzians. 

On a new kind of opium called opicrine, pro- 
duced by a new Kentucky plant, the Pre- 
nanthes opicrina. 

Description of the falls of the Cumberland 
River with maps. 










56. 
57. 


69. 


~I 
ag 


aa 


ne wh 


79, 
80. 


81 


82. 
83. 





. Lectures on Public Instruction, 
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On the Physical Geography of North America. 
On the Elevation of land in Kentucky with 
Views. 


VIII Manuscripts already published 


the human 
mind &c. 


. Lectures on Botany and Medical Botany. 
. Lectures on Zoology and Animals. 
. Lectures on Mineralogy and Geology. 


IX Manuscripts sent for publication 


Monography of the Genus Trillium. 20 species. 


3. Terrestrial Conchology of Kentucky. 
. Sinopsis of 


50 new Quadrupeds of North 


America. 


5. Physical Map of the River Ohio. 
. Flora of the State of Ohio or Catalogue of its 


plants. 


. Annals of Kentucky, abridgement of the An- 


cient history from earliest times to 1780. 

Enumeration and description of all the Ancient 
Monuments of North America about 1800 of 
which 510 are found in Kentucky. 

Itinerary of Soto and Moscosa in the United 
States between 1539 & 1543, including the 
discovery of Tennessee, Kentucky, Alabama, 
Louisiana, Arkansas, Missouri, Illinois &c. 


X Unpublished Manuscripts 


Principles of Oreology and Cartography or the 
Study of Mountains and Valleys. 


. Analysis of the human Mind and will. 


Theory of the Invisible Worlds. 

Sometry or the Geometry of irregular Bodies. 

Social and political Harmony. 

Description of 20 New Genera and 100 New 
Species of Plants from Kentucky, Illinois, 
Missouri, Ohio &c. 


. Ornithology of Kentucky, 250 species. 


Monography of the Salamanders of North 
Amer. fig. 

Description of Several new physical Instru- 
ments, such as the Nemeter, Platometer, 
Phosometer, Stereometer, Sclerometer, Spiro- 
meter, Diploscope &c. 

Geology of the River Hudson. fig. 

Recollections of Sicily, Mt. Etna &c. 


. Visit to the Azores Island in 1815. 


Fossil Conchology of Kentucky. 

Monography of the American Trilobites, Bi- 
lobites & a new genus Isoctomesa. 

New Elements of Cryptography or Secret 
Writing. 

Elements of Universal Phonology. 

Memoirs on the American Languages. 

Description of the Ancient Monuments of 
Kentucky and the Surrounding States with 

100 plans, Views. 
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88. Picture of Kentucky or Statistical Descrip- 
tion &c. 

89. Statistical and physical Map of Kentucky, 16 

miles to the inch. 

90. Annals of the ancient History of North America. 

91. Travels in the States of Vermont, Connecticut, 
New York, New Jersey, Pensylvania, Dela- 
ware, Maryland, Virginia, Ohio, Kentucky, 
Indiana, Illinois, &c. 

2. Tellus or Chronological Annals of the Earth, 
includ® the astronomical, geological and his- 
torical period of its existence and revolutions, 
with the Annals of Nations, Empires, Con- 
federations, &c. 

93. Picture of all the Ancient Inhabitants of North 
America, divided in 12 nations and 1000 
Tribes. 

Thoughts on philosophical Subjects. 

95. Amenities of Nature or Collection of 150 Tracts 

on all the branches of Physical Knowledge. 

96. Medical and physical Essays, about 50. 

97. Several small Poems. Despondency, Smiles, 

Tecumseh, Sense and Beauty, Conjugal Love, 
&ce. 

98. Many poetical trifles in English, french and 
Italian. 

On 50 New Medical plants of North America. 

Decimals and vocabularies in about 200 Lan- 
guages. 


99. 
100. 


Lexington KY. 1**. July, 18247? 
RESPECTED Sir! 

A Letter of yours printed in some Journals and 
directed to the Moderator of a Society for promoting 
Comunities, has given me the first knowledge of such 
a useful and philanthropic Establishment. As your 
Letter does not mention the name of the person to 
whom it is directed, nor of the place in Virginia 
where their Settlement is forming, and I wish to 
know more of the plan, I have written the enclosed 
Letter, and taken the Liberty to send it through 
your means, since you must be able to transmit it, 
and know to whom, by filling the blank name of 
said moderator. It would gratify me to know his 
name and the place of the settlement undertaken. 

The Circulars and Catalogues of the first Bo- 
tanical, Agricultural and Medical Garden in the 
Western States, which I have succeeded to establish 
in Lexington, have lately been sent to you. 

Mr. Humphrey Marshall is publishing a second 
edition of a history of Kentucky carried to the 
present time. I have furnished him an Introduction 
or sketch of the Ancient History, of this Region, 
which will form a pamphlet by itself. A Copy will 
be sent to you in a short time. You will perceive 
that I have begun to explore with some attention 


” Letter in Jefferson Papers, Massachusetts Historical 
Society. 
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the wide and fruitful field of American Ethnology. 
I am collecting materials for a more extended Work 
or Works on the Ancient History, Antiquities, Lan- 
guages and Ethnology of North America. Com- 
parative Philology is now becoming in Europe the 
base of History and I have studyed it deeply, com- 
paring 400 Eastern languages with about 85 Ameri- 
can languages of which I have Vocabularies, and 
have them like Klaproth & 
Adelung have classed the Eastern Nations. 

The object of this exordium is to prevail upon you 
(knowing that such an undertaking must meet your 
approbation) to furnish me if in your power with 
additional American Vocabularies. I have 
written in various parts and even to South-America 
and Mexico, in order to collect additional materials, 
but I do not know where to apply for the unpublished 
Vocabularies collected by Lewis and Clarke and am 
told that they may be in your possession, or at least 
Copies of them, likewise many Vocab. collected by 
Pike and others. The languages or Dialects which | 
am anxious to see, not having met them yet in any 
printed Work are the following, 


Chopunish All the Creek dialects 
Columbia dialects except Muscolgee & Uchee 
Cadue of Louisiana & Cerris &c. 

Comanchee. 


succeeded to class 


some 


Texas or Teguas Xc. 

All the Nations of Louisiana mentioned by Pike, 

except those on the Missouri. 

All the Languages of Mexico except the Aztec, 

Tocunchi and Darien. 
If any of these Vocabularies are in your possession, 
or you can inform me where they are to be found, 
you will render a service to Science by informing 
me, and suitable means may be found to have copies 
or extracts taken from them. 

Can you favor me with a copy of the Prospectus 
of the University of Virginia? or if not printed yet 
could you favor me with the names of all the Trustees 
of that Institution? 

Who are the selected to teach the 
Various departments of Natural History, Ancient 
History, Comparative Philology, Archeology, Eth- 
nology, Agriculture and Geography?” 


Professors 


*® This was Rafinesque’s last inquiry about the uni- 
versity. In Jefferson's reply to this letter, which follows, 
t is interesting to observe that he did not answer Rafines- 
que’s questions about professors or mention the university. 
Before the date of Jefferson’s reply, Francis Gilmer, of 
Virginia, had been sent to Europe, by Jefferson, to engage 
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I propose to publish soon a Picture of Kentucky 
and have prepared a new map of this State, Geo- 
logical and Statistical. 

My discoveries and maps of the Ancient Monu- 
ments of North America, must I fear be sent to 
Europe for Publication, they are too numerous to 
warrant their publication in this Continent. 

I remain respectfully 
Your Obed* S*. 
C. S. RAFINESQUE Ph. D. 
Mont®. Aug. 11. 24.74 
SIR. 

It is with regret I am obliged to return your letter 
for want of a recollection of the name of the person 
for whom it is destined and entire ignorance of the 
place where his society is settled, if they have made 
any settlem‘. among the thousand letters a year 
which have been accumulating with me for 60. 
years, it is impossible for me to find any particular 
one unless I know under what name to look for it. 

| formerly had a considble collection of Indian 
vocabularies the great part of which were lost in my 
removal from Washington and the residue sent to 
the Hist. Comméé of the Ph. Soc. at Phila. it is not 
therefore in my power to contribute any thing to 
the enlargement of the pamphlet you have been so 
kind as to send me, & for which I pray you to accept 
my thanks, and for a reason equally strong that I am 
become from age and debility so entirely unequal to 
the labors of writing that I have been obliged to 
withdraw from all correspdéé whatever. it is time 
for me to resign to younger hands the cares of litera- 
ture and all other cares whatever to which, while I 
had power, I have been always willingly subservient. 
with my regret that I cannot be useful to your labors 
accept assurances of my respectful considn. 

Tu: J. 

Mr. RAFFINESQUE 
professors for the university. On March 5, 1825, the 
Board of Visitors of the university passed the following 
resolution: ‘‘Resolved, that Doctor John Patton Emmet, 
of New York, be appointed professor of the school of nat- 
ural history.” With this appointment Rafinesque lost his 
last chance of holding a professorship at the university. 

What did Rafinesque lose and What did the University 
of Virginia lose by his failure to be appointed to the faculty 
of the university? We can only surmise that both would 
have gained considerably by the appointment. 


™ Letter in Jefferson Papers, Massachusetts Historical 
Society. 



















WE have heard, during this meeting, of several 
two-hundredth anniversaries. The American 
Philosophical Society was so kind as to invite me 
to speak on a four-hundredth anniversary. I ap- 
preciate highly this opportunity which was given 
to me to address this distinguished group on 
Copernicus. In 1543, four hundred years ago, 
Copernicus died. This year was in a certain 
sense also the year of the birth of the Copernican 
system. His great book, The Revolutions of the 
Celestial Bodies, was published in the same 
year 1543. 

However, to keep in line with the general spirit 
of this meeting, we may ask whether there is 
some connection between Copernicus’ great book 
and American history. The answer is “yes, and 
very much so.’’ When this book was published, 
nearly fifty years had passed since Columbus dis- 
covered America. This event was one of Coper- 
nicus’ starting points. He refers in one of the 
first pages of his book to this discovery as the 
final proof of the spherical shape of the earth. 
(Incidentally, he does not mention Columbus and 
says, as a matter of course, that ‘‘ America is 
named after her discoverer.””) The earth was 
now definitely a globe, and, to speak in terms of 
today, ‘‘global thinking’’ could start. 

To understand a phenomenon means to in- 
terpret our present experience as the repetition 
of a similar phenomenon of the past. This is 
true in science, but it is true as well in history. 
Today, we understand the French Revolution 
better than our parents did because we are con- 
temporaries of the Russian revolution, and we 
understand the Copernican revolution better 
than nineteenth century scientists did because we 
are contemporaries of the Einsteinian revolution. 

Let us formulate the central problem of all 
philosophy of science in the simplest possible 
terms. We have to face two worlds: on one 
side, that of our sense observations, e. g., in 
astronomy, the observed positions of the stars in 
the sky; on the other side, that of the general 
principles of science such as the law of gravita- 
tion, the principle of relativity, etc. To what 


PROCEEDINGS OF THE AMERICAN PHILOSOPHICAL SOCIETY, VOL, 


THE PHILOSOPHICAL MEANING OF THE COPERNICAN REVOLUTION 
PHILIPP FRANK 


Harvard University 
(Read April 24, 1943) 
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extent or to what degree are these general prin- 
ciples justified by those sense observations? 

This sounds simple enough, but to appreciate 
the immense gap between these two worlds 
means to start grasping the central problem of 
all philosophy of science. Unfortunately, the 
pedagogical effort of science teachers has been 
often directed towards camouflaging this gap. 
If, however, the very goal of science teaching is 
to help the students in the understanding of 
nature, the actual depth and width of that gap 
has to be emphasized over and over again. The 
state of mind acquired by the average student of 
science as the result of inadequate training has 
been largely responsible for the failure to appreci- 
ate exactly the philosophical meaning of the 
Copernican revolution. 

Only recently, under the violent impact of 
twentieth century physics, particularly the The- 
ory of Relativity, have the eyes of science stu- 
dents been opened and has the meaning of the 
Copernican revolution become clear. 

If we look into a typical textbook or listen to 
an average teacher, we would learn: before 
Copernicus, men believed in the testimony of 
their senses telling them that our earth is at rest 
and that the planet Jupiter traverses in twelve 
years a closed orbit on the celestial sphere and 
that this curve contains twelve loops. Finally, 
Copernicus recognized the fallacy of this testi- 
mony and proved that ‘‘in reality’’ our earth is 
in motion and that the planet Jupiter traverses 
‘in reality”’ a smooth circle around the sun as 
center. Copernicus exposed the illusions of our 
senses. Human reason thus scored a clear vic- 
tory in its struggle against ‘‘naive”’ 
perience. 


sense e€x- 


This description of Copernicus’ achievement 
seems to me, conservatively speaking, inade- 
quate. The loops traced by the planets are by 
no means a sort of optical illusion and the 
immobility of the earth isn’t either. As a 
matter of fact, the planet Jupiter actually 
traverses every year a loop with respect to a 
system of reference which participates in the 
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annual revolution of the earth. But the same 
Jupiter traverses just as truly every twelve years 
a smooth circle with respect to the system of 
fixed stars. Neither the loops nor the smooth 
circle are results of our ‘‘naive’’ sense experience. 
They are two different diagrams representing one 
and the same set of sense observations. There- 
fore, the interpretation of Copernicus’ achieve- 
ment as a victory of abstract reason over naive 
sense experience is hardly justifiable. 

However, we meet occasionally a second inter- 
pretation which says almost the opposite of the 
first one. ‘The hard facts of our sense experience 
became more and more incompatible with medi- 
eval philosophy, which had its roots in specula- 
tive reasoning rather than in sense observation. 
Copernicus finally decided to overthrow the 
obsolete doctrines of Aristotle and Ptolemy and 
scored a victory for experience in its struggle 
against pure speculation. As a matter of fact, 
Copernicus was not particularly “ tough minded,” 
if we may use the famous phrase of William 
James to describe the empirical scientist as 
distinct from the ‘‘tender minded”’ believer in 
pure reasoning. No new facts had been dis- 
covered by Copernicus, which had forced him to 
abandon The astro- 
nomical tables calculated from the Copernican 
system were in no better agreement with the 
observed positions of the stars than the previous 
tables. 

Therefore we have to start from the fact that 
the Copernican revolution meant neither a vic- 
tory of reason over the illusion of our senses nor 
a victory of hard facts over pure speculation. 
To be sure, Copernicus invented a new pattern 
of description for our observations. His genius 
manifests itself in the beautiful simplicity of this 
pattern. 

Copernicus died in 1543. The Roman Holy 
Office did not utter an official judgment on the 
Copernican until 1616, 
years after Copernicus’ death. This Roman 
verdict will give us the best hint about the 
philosophical meaning of the Copernican revolu- 
tion. 
philosophical merit of 


the geocentric doctrine. 


system seventy-three 


For the verdict considered specifically the 
the new system. The 
Copernican theory was called ‘‘ philosophically 
foolish and absurd.’ 

But not even Copernicus’ greatest opponents 
ever doubted that his system meant a great ad- 
vance in astronomy. The general opinion in 
these quarters was that the heliocentric system is 
‘“astronomically 


was sometimes 


true,’’ or as it 
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phrased, ‘‘ mathematically true,” but in any case 
‘‘philosephically false or even absurd.”’ 

We have to do here with a conflict between two 
conceptions of truth. This conflict has existed 
through the ages and has created quite often a 
great confusion of mind. This double meaning 
of truth has never been dramatized as clearly as 
by the Copernican revolution and its repercus- 
sions. To understand and to evaluate this con- 
flict is the great lesson we can learn from the 
history of the Copernican ideas. 

The medieval philosopher St. Thomas Aquinas 
described very distinctly two different criteria 
of truth: 


There are two ways to prove the truth of an 
assertion. The first way consists in proving the 
truth of a principle from which this assertion follows 
logically. In this way, one proves in physics the 
uniformity of the motion of the celestial spheres. 
The second way does not consist in proving a prin- 
ciple from which our assertion can be derived but in 
assuming our assertion tentatively and in deriving 
results from it which can be compared with our 
observations. In this way one derives, in Astrology, 
the consequences of the hypothesis of eccentrics or 
epicycles concerning the motion of celestial bodies. 
However, we cannot conclude in this way that the 
same assumptions cannot be derived, perhaps, from 
a different hypothesis also. (Free translation from 
Summa Theologica.) 


If a statement of astronomy met only the 
second criterion, the agreement with observed 
facts, it was termed ‘‘mathematically true.” 
Only if it met also the first criterion, 72. e. if it 
could be derived from an evident principle, was 
it recognized to be ‘philosophically true.” 
Since Aristotle’s physics was supposed to be 
derived from evident principles, ‘‘to be philo- 
sophically true’? meant practically ‘‘to be in 
agreement with Aristotelean physics.’ 

As Copernicus had been anxious lest his system 
might not be philosophically true in this sense, 
he feared some trouble on the part of theologians 
who were strict believers in Aristotelean phi- 
losophy. He looked for advice on how to behave 
in this situation, and strange as it may seem to 
us, the Catholic churchman Copernicus asked a 
Lutheran theologian from Nuerenberg how to 
avoid trouble. The Nuerenberg scholar, Osi- 
ander, answered him in a letter of 1541: 


As for my part, I have always felt about hy- 
potheses that they are not articles of faith but bases 
of calculation. Even if they are false, it does not 
matter much provided that they describe the ob- 




















served phenomena correctly. It would, there- 
fore, be an excellent thing for you to play up a little 
on this point in your preface. For you would 
appease in this way Aristoteleans and theologians, 
the opposition of whom you fear. 


This advice meant precisely that Copernicus 
should not claim “philosophical truth’’ for his 
system but should be satisfied with a claim for 
‘*mathematical truth.” 

But Copernicus did not like this compromise. 
He claimed his system to be at least as philo- 
sophically true as the Ptolemean system, and 
perhaps even more so. In this way a conflict 
flared up, the issue of which was a very subtle 
distinction. Was the Copernican doctrine a true 
description of the Universe or was it merely an 
hypothesis which served to calculate the posi- 
tions of the stars? And how did Copernicus 
himself look upon this question? Most of the 
scientists of today are accustomed to regard 
every theory as a working hypothesis only, and 
would hardly be prepared to give serious thought 
to that subtle distinction which is rather an issue 
of the philosophy of science. But if we go a 
little deeper into the logical structure of science, 
we have to recognize that, as a matter of fact, 
every scientific theory, of whatever period, had 
to meet the two requirements of a ‘“‘true theory”’ 
which were already familiar to Thomas Aquinas. 
In reality, no theory was accepted merely because 
it was a good working hypothesis. In every 
period of the history of science a theory had to 
be in agreement with the general principles of 
physics. The physicists of the nineteenth cen- 
tury would have hardly admitted a theory which 
had been in disagreement with the principle of 
the conservation of energy. 

For that reason, practically every theory has 
been a compromise between these two require- 
ments. This is particularly true for the Ptol- 
emean system. We read and hear frequently 
that the Ptolemean system was in agreement 
with the Aristotelean philosophy and physics. 
But Copernicus, we are told, disturbed this har- 
mony and advanced a theory which would 
contradict explicitly the laws of medieval physics. 
This was certainly not the opinion of the medi- 
eval philosophers themselves. One of the basic 
principles of medieval physics was the law that 
terrestrial bodies move in rectilinear paths 
towards the earth or away from the earth while 
celestial bodies move in circular orbits with the 
earth as center, but the Ptolemean system 
assumes that sun and planets traverse eccentric 
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circles or epicycles the center of which is not 
the earth. Therefore the Ptolemean system 
could not be regarded as philosophically true, 
but at most as a hypothesis which might serve 
as a basis of calculation. 

Thomas Aquinas judged the Ptolemean system 
as follows: 


The assumptions made by the Astronomers are not 
necessarily true. Although these hypotheses seem 
to be in agreement with the observed phenomena we 
must not claim that they are true. Perhaps one 
could explain the observed motion of the celestial 
bodies in a different way which has not been dis- 
covered up to this time. 


The Arabic philosopher Averroes (of the 
twelfth century) and his school emphasized very 
strictly the philosophical criterion of truth and 
declined to ascribe any truth value to the 
Ptolemean system. Says Averroes: 


The astronomers start from the assumption that 
these (eccentric or epicyclic) orbits exist. From this 
assumption they derive results which are in agree- 
ment with our sense observations. But they have 
not proved by any means that the presuppositions 
from which they started are, in turn, necessary 
causes of these observations. In this case, only the 
observed results are known but the principles them- 
selves are unknown, for the principles cannot be 
logically derived from the results. Therefore new 
research work is necessary in order to find the “‘true”’ 
astronomy, which can be derived from the true 
principles of physics. As a matter of fact, today 
there is all, and what we call 
astronomy is in agreement: with our computations 
but not with the physical reality. 


no astronomy at 


The common opinion among the philosophers 
was rather that the true picture of the universe 
cannot be discovered by the astronomer who is 
restricted to find out what hypotheses are in 
agreement with observed facts. If different 
hypotheses meet this requirement, science cannot 
decide which is true and, as the Jewish medieval 
philosopher, Moses Maimonides, puts it: “‘ Man 
knows only these poor mathematical theories 
about the heaven, and only God knows the real 
motion of the heaven and their causes.” 

It is certain, therefore, that before the Coper- 
nican revolution, no theory of the motions of the 
celestial bodies existed which would meet both 
criteria of truth. There was in every theory a 
discrepancy between mathematical and _ philo- 
sophical truth. Against this background we 
have to interpret the famous dedication letter 
which Copernicus published as a preface to his 
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great book and in which he recommended his 
work to the goodwill of Pope Paul IIT. 

Copernicus affirms that he did not advance his 
new theory of the motions of the heavens in a 
spirit of opposition against the established doc- 
trine. His only motive was his conviction that 
was no established doctrine. The hy- 
pothesis of a circular motion of planets around 
the earth as center did not account for the ob- 
served facts, and the hypotheses of eccentrics or 
epicycles were not in agreement with the general 
principles of physics which required uniform 
around the earth as center. 
Since no doctrine existed which could be regarded 
as ‘‘true’’ from the philosophical as from the 
mathematical angle, Copernicus felt free to sug- 
gest a new hypothesis assuming the mobility of 
the earth. ' 


there 


circular motions 


This hypothesis accounted for the observed 
motions nearly as well as the Ptolemean theory 
of epicycles, but removed some of the epicycles. 
Phe motions of the planets became now circular 
orbits around the sun as center—except for the 
epicycles which were necessary to account for 
the inequalities in the motion of planets. In any 
case there were fewer epicycles and more homo- 
centric orbits in the Copernican, than in the Ptol- 
emean, system. Therefore Copernicus claimed 
that his theory was in some sense nearer to the 
requirements of Aristotelean physics than the 
geocentric system. The Ptolemean system was 
a compromise between the two criteria of truth. 
Copernicus claimed that his system was in the 
same sense a compromise and, as he believed, 
a better one. 

In any case, Copernicus claimed to give in 
his theory a true picture of the Universe, true 
in every sense of the word. By a strange co- 
incidence, Copernicus’ book was edited by the 
same QOsiander of Nuerenberg whose advice 
Copernicus did not like to follow. We under- 
stand the words of the editor’s 
preface, which had been originally ascribed to 
the author himself but which reflects only the 
editor’s opinion: ‘‘ The hypotheses of this book 
are not necessarily true nor even probable. Only 
one thing matters. They must lead by com- 
putation to results which are in agreement with 


the observed phenomena.” 


now famous 


While Copernicus tried to achieve the com- 
promise by arguing that his theory is to a large 
extent in agreement with the principles of 
\ristotelean Galileo Galilei, in his 
famous Dialogue on the Copernican and Ptolemean 


physics, 
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World Systems, went a good deal further in the 
overthrow of medieval science. He no longer 
attempted to reach the compromise by adjusting 
his working hypotheses to the requirements of 
the established principles of physics. On the 
contrary, he ventured to adjust the principles of 
physics to the best suitable working hypotheses. 
This meant to drop the bulk of Aristotelean 
physics and to start a movement in science which 
led in time to the philosophy of science which 
we would call today positivism or pragmatism. 
The two criteria of truth which were tor medieval 
thinkers like St. Thomas Aquinas two distinct 
requirements, have fused more and more in one 
single requirement: to derive the best description 
of the observed phenomena from the simplest 
possible principles, while these principles are 
justified solely by the fact that they permit this 
derivation. 

Galileo’s ideas were not brought into a co- 
herent system of propositions until Isaac Newton 
advanced his celebrated Laws of Motion in his 
Mathematical Principles of Natural Philosophy. 
This book appeared in 1687, approximately 150 
years after the Copernican revolution. From 
the Newtonian principles the Copernican doc- 
trines could be logically derived. Therefore, to 
the believer in these principles, the Copernican 
system was now true in the full sense of the 
word, philosophically and mathematically true. 

Let us now ask what did the Copernican hy- 
pothesis look like when it was derived from the 
Newtonian principles? It said that the earth is 
rotating with respect to absolute space and that 
the planet Jupiter traverses smooth circular 
orbits with respect to absolute space. But 
Newton himself was very well aware that ‘‘ speed 
relative to absolute space’’ has no operational 
meaning, to use P. W. Bridgman’s term, 7. e., that 
by no physical experiment can the speed of a 
body in rectilinear motion with respect to abso- 
lute space be measured. 

Therefore, the Newtonian system of principles 
is not a logically coherent system within the 
domain of physics. Newton himself restored 
logical coherence by enlarging his system of 
physical statements by the addition of some 
theological propositions. As we read in Burtt’s 
book on the Metaphysical Foundations of Modern 
Physical Sctence, 


Certainly, at least God must know whether any 
given motion is absolute or relative. 


The divine 
consciousness furnishes the ultimate centre of refer- 
Moreover the animism 


ence for absolute motion. 








in Newton’s conception of force plays a part in the 
premises of the position. God is the ultimate 
originator of motion. Thus real or absolute motion 
in the last analysis is the expenditure of divine 
energy. Whenever the divine intelligence is cogni- 
zant of such an expenditure the motion so added to 
the system of the world must be absolute. 


Under the influence of the spirit of the 
eighteenth century the mixing of theology into 
science began to be regarded as illegitimate. 
Strange as it may be, by the abandonment of 
theological argument the Newtonian physics lost 
logical coherence. 

Burtt says very correctly: ‘‘When in the 20th 
century Newton’s conception of the world was 
gradually shorn of its religious relations, the 
ultimate justification for absolute space and time 
as he had portrayed them disappeared and the 
entities were left empty.”’ 

Therefore the new principles of physics from 
which the Copernican theory could be derived 
were far from being satisfactory. The “ philo- 
sophical truth’’ of the Copernican system was 
still a doubtful thing. 

Towards the end of the nineteenth century, 
Ernst Mach exposed very specifically the logical 
incoherency of the Newtonian Mechanics as a 
purely physical system. He claimed on good 
grounds that the principles from which the 
Copernican system was derived are essentially 
theological or metaphysical principles. As Aver- 
roes had in the period of the Ptolemean system, 
Ernst Mach claimed in the nineteenth century: 
we have no true astronomy, if ‘‘true’’ means 
derived from a coherent system of principles of 
physics. 

Mach asked for the removal of the conception 
of absolute space from physics and for a new 
physics which contains only terms which have 
within physics, to speak again with Bridgman, 
operational meaning. 

This program, however, was not carried out 
until Einstein created his general theory of 
relativity and gravitation between 1911 and 
1915. This theory, as a matter of fact, was the 
first system of purely physical principles from 
which the Copernican system of planetary mo- 
tions could be derived. But the description of 


these motions looked now very different from 
the way it had looked as derived from Newton’s 
The conception of absolute space 
Therefore the statement 
of the rotation of the earth and of the smooth 


principles. 
was no longer present. 
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circular orbits of the planets had now to be 
formulated quite differently. 

From Einstein’s principles one could derive the 
description of the motions of celestial bodies 
relative to any system of reference. One could 
demonstrate that the description of the motion 
of planets becomes particularly simple if one 
used the system of fixed stars as a system of 
reference, but there was no objection to using 
none the less the earth as system of reference. 
In this case, one obtains a description in which 
the earth is at rest and the fixed stars are in a 
rotational motion. What appears to be in the 
Copernican heliocentric system the centrifugal 
force of the rotating earth becomes in the geo- 
centric system a gravitational effect of the 
rotating fixed stars upon the earth. 

The Copernican system became for the first 
time in its history not only mathematically but 
also philosophically true. But at the same 
moment the geocentric system became philo- 
sophically true, also. The system of reference 
had lost all philosophical meaning. For each 
astronomical problem, one had to pick the system 
of reference which rendered the simplest descrip- 
tion of the motions of the celestial 
involved. 

The reception of the Einsteinean revolution 
by the scientists of the twentieth century reminds 
us in many respects of the reception of the 
Copernican revolution by the scientists of the 
sixteenth century. This comparison might help 
us to understand the philosophical meaning 
of both. 

We may take as an example the way Einstein 
deals with the contraction of moving bodies in 
the direction of their motion. The verdict of 
quite a few twentieth century physicists was: the 
theory of relativity permits us to derive the ob- 
served phenomena from hypothetical principles 
but it does not give a physical explanation of the 
contraction. This was an exact repetition of the 
Roman verdict against the Copernican system. 
For the meaning was: the Theory of Relativity 
may be ‘‘ mathematically true’’ but it is certainly 
‘philosophically false.”” Now “philosophically 
false’’ meant ‘‘not to be in agreement with 
Newton’s principles of physics,’ while in the 
sixteenth century the same expression meant 
‘*not to be in agreement with Aristotle’s Physics.”’ 

But what are the facts affirmed by the Coper- 
nican doctrine which are still accepted today as 
true? Copernicus proclaimed enthusiastically 
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the sun as the center of the Universe and said: 
‘‘In the center of the Universe the sun has its 
residence. Who could locate this lamp in this 
beautiful temple in a different or better place 
than in the center wherefrom it can illuminate 
the whole of it simultaneously?”’ 

Even if we restrict the meaning of the word 
‘Universe’ to our galactic system, the Milky 
Way, this Universe is not spherical and the sun 
is not located in the center. It has been known 
for a long time that our galactic system has the 
shape of a lens. Before the distance of very 
remote stars could be estimated, it was plausible 
to believe that 


tendant is 


our sun with our earth as at- 
located in the center of this lens. 
However, in the twentieth century new methods 
were developed to estimate the great distances of 
remote stars, to a large part by Harlow Shapley 
and his collaborators of the Harvard Observa- 
tory. In particular, Shapley found out that our 
sun is not located near the center of that lens, 
but approximately 30,000 light years away from 
it. This means that the sun with our planetary 
system is near the edge of the lens. According 
to Copernicus, we inhabitants of the earth have 
no longer the great satisfaction of being the 
center of the Universe, but we have at least the 
small satisfaction of being the attendant of a 
master who has his residence at this center. 
But according to Shapley, man has lost all 
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reasons for complacency. He is not even the 
attendant of a master who occupies the central 
stage of the Universe. 

Copernicus probably believed that the orbits 
of celestial bodies can be described in the best 
and simplest way by taking the sun as a body 
of reference. In our twentieth century, we 
know that this cannot be true universally. 
According to Einstein’s Theory of Gravitation, 
there is no “all-purpose system of reference.” 
Copernicus’ suggestion to use the sun is only 
practical if we restrict ourselves to the motions 
in our planetary system. For every particular 
purpose a particular system may be the most 
suitable. 

Copernicus did not discover any new fact 
which could be regarded as established for all 
eternity. But he denied to the earth the role as 
the only legitimate body of reference, he demon- 
strated that the sun is the most suitable system 
for a particular purpose, and cleared the way for 
the great new truth that we have complete 
freedom in our choice of a system of reference. 

The Copernican revolution did not wind up by 
replacing the earth as master of the Universe 
by the sun or the absolute space, but it was only 
the first step in a series of revolutions which 
climaxed, so far as we know today, in depicting 
a democratic order of the Universe in which all 
celestial bodies play an equal part. 














One hundred and fifty years ago a unique re- 
fugee colony, the destination of which was the 
North Branch of the Susquehanna, set out from 
Philadelphia. In 1795 La Rochefoucauld-Lian- 
court, distinguished guest-member of the Ameri- 
can Philosophical Society while in exile, visited 
the new town, later devoting 20 pages of his 
Voyage dans les Etats Unis d’Amérique to it, 
and prophesying a prosperous future. In 1903 
and 1917, L. W. Murray, descendant of a refugee, 
published a fuller account of the colony under the 
titk The Story of Some French Refugees and 
Their “Aszilum.”* During the past months the 
last connecting links needed to shape the story 
into a coherent whole have been assembled from 
national and state archives, county records, and 
papers in Tioga Point Museum, with the aid of a 
grant from the American Philosophical Society. 


I 


Friendly feeling between America and _ the 
French people, first fanned into flame in 1777 by 
young Lafayette’s dash across the Atlantic in the 
cause of freedom, was further reinforced by the 
eight-years’ residence of Benjamin Franklin at 
Paris. A quaint, sturdy figure, dramatically pro- 
jected against the ultra-elegance of the Versailles 
Court, his homely wit, forthrightness of manner, 
and canny statesmanship won our cause substan- 
tial aid in the way of ships, men, and money in 
the difficult period between 1778 and 1785. Mu- 
tual understanding and interest received fresh 
stimulus from Thomas Jefferson’s five-year term 
as United States minister to France, during the 
years of intellectual and political effervescence 
when the Old Régime was crumbling and repub- 
lican ideals were emerging—from 1785 to 1789. 

Therefore in 1793—a century and a half ago— 
when the French Revolution, after so brave a 





start, went for a season into reverse, and a panic- 


1 Investigation aided by a grant from the Penrose Fund 
of the American Philosophical Society. 

2 Louise Welles Murray. 
refugees and their “Azsilum.” 
1917). 
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stricken Committee of Public Safety began to 
attack blindly all who had won distinction in the 
older regime, the thoughts of refugees and exiles 
of all classes turned naturally toward our young 
republic—a Noah’s Ark of safety for submerging 
Europe, in the words of Edmund Burke. 

Throngs of refugees from the Continent—of- 
ficers, clerics, scholars, ex-members of the Con- 
stituent Assembly—were swelled by shiploads of 
fugitives from the San Domingan colonies, where 
premature publicizing of the doctrine of equality 
had roused native-born African slaves and mulatto 
plantation-owners against each other and their 
French officials. Our seaboard cities were crowded 
with refugee families. Yellow fever (brought by 
the refugees) had broken out in Philadelphia, our 
national capital, and elsewhere.* 

To relieve congestion, an experimental colony 
far from Philadelphia was projected, with a num- 
ber of prominent exiles (the Governor of Guada- 
loupe among them) as backers. The site chosen 
was hundreds of miles to the’north in a region 
retrieved only a dozen years from its Indian 
owners. Far up on the North Branch of the 
Susquehanna, only 25 miles below the New York 
border, modern maps still show the township of 
Asylum (a name curiously metamorphosed on 
French letterheads into “Azilum’’). Near by, 
Homet’s Ferry, Dushore, and La Porte perpetuate 
the memory of members of the refugee colony. 





Choice of a site so far in the wilderness, ac- 
cessible only by rough wagon roads or by boat, 
has puzzled many a commentator. What clues 
to the mystery does history offer? Not one but 
many. 

The expansive land development schemes of 
the era offer one key to the puzzle. At this pe- 
riod Robert Morris, financier of the Revolution, 
well-known Philadelphia merchant and_ banker, 
and Senator from Pennsylvania in 1793, was full 
of projects for colonizing our wild lands with 
terrified and distraught families from Europe and 


3 Frances S. Childs. French refugee life in the United 
States 1790-1800. Baltimore, 1940. 
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the Islands. By the same stroke he hoped to 
repay our heavy war debts and reestablish his 
fortune. The well-known Gilbert 


Stuart portrait of this period shows him in ben- 


own private 


evolent mood, generously bent on proferring aid 
to our former their dis- 
Already he and other 
Philadelphians had acquired thousands of acres 


comrades-in-arms and 
tressed fellow-countrymen. 


of wild lands in the newly annexed sections in 
western New York State and northwestern Penn- 
sylvania. On neighboring tracts Judge William 
(founder of Captain 
Charles Williamson (at Bath), and Joseph Priest- 


Cooper Cooperstown ), 
ley’s son had already commenced operations. 

(1792) 
shows the Susquehanna’s serpentine course across 
a northern county named for the Chevalier de la 
Luzerne, Minister from France during our Revo- 
lution 


Howell’s map of the previous year 


a frontier county only six years earlier 
cut out of the original sprawling Northumberland. 
Across the upper section of Howell's map is in- 
scribed the legend “Country abounding in the 
Sugar Tree,” a second clue to the despatching of 
refugees from the Islands to this location. For 
many of the refugee families came from the sugar 
plantations of the French Antilles; and prominent 
Philadelphians, including Henry Drinker and Dr. 
Benjamin Rush, were interested at the moment in 
promoting a sugar industry free from the need of 
slave labor, as records of the period show. One 
of the chief occupations of the colony at Azilum 
from the outset was to be the making of maple 
sugar. Later settlers report finding huge sugar 
kettles abandoned in the bush. 

Prominent among those who planned the colony 
was the Vicomte Louis de Noailles (fig. 1), who 
had played a distinguished role in the siege of 
Yorktown. A full-length portrait preserved by 
his descendants shows him in martial guise, as 
befits the son of a marechal of France. Actually, 
Noailles appears to have been the most demo- 
cratic of the Azilum group. His earlier career 
in the French National Assembly, where he pro- 
posed measures marking the final overthrow of 
feudalism, is historic. <A 
Marquis de Lafayette 


brother-m-law of the 
their wives were sisters— 
Noailles had been stationed at Newport with our 
French allies during our War of Independence. 
Quartered on the family of Quaker Robinson, he 
had learned English of the 16-year-old daughter 
of the family, with whom he long maintained a 
correspondence. Descendants of Molly Robinson, 
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Fic. 1. Vicomte Louis de Noailles. 
who became the wife of John Morton, Philadel- 
phia merchant, live in Germantown today.‘ 
Noailles and his associates, reaching Philadel- 
phia in the spring of 1793, at once took out citi- 
zenship papers, and began buying up the titles to 
1,200 acres of land lying in a bend of the Susque- 
hanna. One of the 44 maps of a second survey 
of the colony’s lands, made in 1802 by Samuel 
Baird and showing among the original warrantees 
the names of many well-known Philadelphians 


Anna Wharton Wood. The Robinson family and 


their correspondence with the Vicomte and Vicomtesse 
de Noailles. 


Bull. Newport Hist. Soc. 42, 1922. 








(Shippens, Strawbridges, Merediths, Whartons), 
shows the bend selected. At a point on the north- 
east the words “Standing Stone” are decipherable. 
This huge slab of rock, rising out of the water on 
the west bank of the river, at the foot of a 
precipitous cliff, was an old Indian landmark— 
Ossinpachte. The first letters from the colonists 
carry the heading “Standing Stone.” 

Modern guide maps locate the site, known today 
as Frenchtown, on the west bank, between two 
near-by villages in neighboring oxbows of the 
Susquehanna on the east bank—Wysox to the 
north and Wyalusing to the south (map 1). 
Both were embryo settlements only in 1793. 
Today, bridges at the two villages form the best 
approach to the site, for the highway here follows 
the east bank. A short distance below, an old 
Indian lookout, Wyalusing Rocks, jutting out 500 
feet above the river, is characteristic of the 
picturesqueness of this section. For here the 
river winds between precipitous wooded hills, in 
a valley not unlike the famous one of the Loire 
in old Touraine, though no fortresses and chateaux 
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crown the cliffs of the Susquehanna. A quarter 
of a century earlier another group of fugitives, 
Papoonhank and his kin, an agricultural colony 
of Delaware Indians, under the tutelage of Mora- 
vian missionaries from Bethlehem, occupied the 
flats below—known as Friedenshutten, Tents of 
Peace. Their cornfields it was that attracted the 
first pioneers to this section. A plot near the 
Delaware waterfront in Philadelphia, standing 
vacant even today, is sacred to the memory of 
these Moravian Indians through the will of Wil- 
liam Penn. 

Within a great oxbow of the river, guarded on 
three sides by water as by a moat, protected in the 
rear by wooded ridges, the refugee village was 
plotted by a French engineer. Even today it is 
accessible only by so tortuous a route that the 
tourist often loses his direction. The town was 
laid out on a gridiron pattern, iike Penn’s Phila- 
delphia, with broad streets running north and 
south and east and west. On lands long partially 
cleared by the Moravian Indians and others, forty 
to fifty houses were soon under construction ; and 
an ex-cavalry officer began to direct further clear- 
ing and removal of stumps. A surveyor’s copy of 
the original map has been carefully preserved, 
showing a central market place and other fea- 
tures, with a symbolic group of refugees in 
water-color. 

Noailles’ first partner was an ex-judge, royal 
governor of the Chatelet, sister prison of the 
Bastille, at the opening of the Revolution. An- 
toine Omer Talon is said to have thrown his own 
resources generously into the construction of the 
village ; he planned for himself a hunting-lodge on 
an adjacent height—for even today the area is a 
favorite haunt of wild life. In a miniature pre- 
served in the family of a refugee, Talon wears 
the red robe of the French judiciary. Contrary 
to local lore, he possessed no title to nobility. 

The Articles of Agreement of the Asylum Com- 
pany, formed in 1794 by Robert Morris and John 
Nicholson, Comptroller-General of Pennsylvania, 
to back the refugees, printed in a small 5” x 8” 
booklet with marbled paper cover, and revised in 
1795 and 1801, have been preserved. In the Min- 
utes of the Assylum Company (as the first secre- 
tary spelled it), preserved in the Congressional 
Library, Louis de Noailles is listed as one of the 
four managers, while Talon is set down as agent, 
at a salary of three thousand a year. Noailles 
never established residence with the colony. When 
the news came of the death on the guillotine of 
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Fic, 2. Share of the Asylum Company of 1794. 


his wife and other members of his family in the 
Paris Terror, he went into business with William 
Bingham, living for ten years in Philade:phia and 
retaining an agency for the Asylum Company 
lands, 

On one of the early pages of the minutes, a 
meeting was scheduled for April 24, just 149 years 
ago, in the country house of Mr. Morris (an 
estate said now to be part of Fairmount Park). 
In this country house, Morris was later to barri- 
cade himself against the sheriff, when the Bank 
of London suspended payment and the resultant 
reverberations ran round the world, forcing many 
Americans into bankruptcy. 

Morris and Nicholson put a million acres of 
wild lands into the Company as capital, each share 
representing 200 acres, held at two to three dollars 
an acre. One of the printed shares hung framed 
in Independence Hall near the Liberty Bell a 
number of years ago. Two large ones are in 
the Tioga Point Museum collection (fig. 2), as 
are also an early account book and numerous re- 
ceipted bills. Among the latter is one carrying 
Talon’s endorsement in firm clear characters. The 
paltry sum of 10. pounds 4 shillings is all that is 
involved in this slip of paper. But Talon’s name 
on another fragment found in the secret cupboard 
of King Louis at the time the Tuileries were 
sacked in 1792 nearly cost the ex-judge both his 
head and his fortune. For that fragment carried 
a rash offer to arrange the escape of the King 
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from Paris, if not from France, where Jacobins 
wished him held as hostage against the threat of 
invasion by his emigrés brothers and their Aus- 
trian allies. The Azilum fragment is a carpenter’s 
account, containing a reference to the building not 
only of a bakery, but of La Grande Maison. This 
brings us to another chapter of the story 


Il 


Just to one side of the town plot, on the river, 
colony agents prepared an 84-foot hewn-log house, 
no palace, but a well-planned and executed man- 
sion, the ground plan of the great drawing-room 
of which has been preserved, along with the de- 
sign of the exterior. This was known in the 
early nineteenth century as the Queen’s House 
(sometimes called by ignorant workmen the King’s 
House). According to tradition, La Grande 
Maison was designed for the reception of Marie 
Antoinette and her two children, the Dauphin and 
his older sister Elizabeth, the only survivors of 
the group of four shown in the famous painting 
by Vigée Le Brun. A portrait of the Queen 
alone, preserved by a loyal member of the colony, 
John Keating (fig. 3), founder of the well-known 
Wilmington and Philadelphia family, carries the 
legend in gold letters, ‘Belle sur la trone, Grande 
sur l’échafaud.” This was loaned several years 
ago to the Philadelphia Museum of Art.® 

Long before the retreat in the wilderness was 
completed, all plots to remove the remnants of 





Fic. 3. John Keating. 


5J. Percy Keating. John Keating and his forbears. 


Records Am. Catholic Hist. Soc. 29 (4), 1918. 
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the royal family from their Temple prison had 
failed, and the guillotine had terminated the career 
of the Queen Mother. Months elapsed, however, 
before the news reached Philadelphia, for England 
and France were at war, and privateers—an ocean 
wolf-pack, forerunners of the submarine—infested 
all the sea lanes of the Atlantic. 


[Il 


Many names familiar to the historian are on 
the roster of the Pennsylvania colony. Among 
them is that of Captain Denis Cottineau, fellow- 
commander with John Paul Jones in the latter’s 
famous brush with the British on the English 
coast. There has come down to us a fine por- 
trait (fig. 4) from the hand of the self-taught 
refugee, Fevret de St.-Mémin,® who learned en- 
graving from the encyclopedia to support himself 
in exile, devising a physionotrace and a pantograph 
to record exactly the profiles of all the distin- 
guished characters of the decade. (Copies of 
more than 200 are preserved in the Corcoran Gal- 
lery.) Cottineau was a large share-holder in the 
Asylum Company, but, like Noailles, appears to 
have preferred residence in Philadelphia. <A 
fiery-tempered Breton, with positive ideas as to 
how the company should be run, he appears to 
have been at times a thorn in the flesh to its 
managers. 

The name of another notable naval officer is 
associated with the colony, that of Captain Aris- 
tide du Petit-Thouars, one of its early agents. 


Fic. 4. Captain Denis Cottineau. 


de St.-Mémin.) 


(Portrait by Fevret 


6J. H. 


Mémin. 


Morgan. The works of M. 
Brooklyn Mus. Quarterly 5: 


Fevret de Saint- 
10, 1918. 
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Fic. 5. Captain Aristide du Petit-Thouars (1760-1798) 


and his sister Félicité (1765-1855). 


A spirited and romantic character, he is 
a family portrait (fig. 5) with one of the twin 
sisters for whom he labored to prepare a retreat 
in the woods, 20 miles back from the river 
(Dushore today). Félicité preserved her brother’s 
letters and journals, the publication of which has 
been lately completed after more than a century’s 
delay.* Aristide also had a delightful botanist 
brother, Aubert, worthy to rank with John and 
William Bartram, but marooned for the duration 
in the Indian Ocean on Ile de France, whose 
orchids and other flora absorbed his attention till 
the tumult of the Revolution passed. 

An old schoolmate of the captain’s, the Duke de 
la Rochefoucauld-Liancourt, another devoted roy- 
alist who had vainly offered to extricate King 
Louis from the clutches of the Paris mob, visited 
the colony in 1795. Forced to flee for his own 
life, the duke, known to your Society as an econo- 
mist and philanthropist, sojourned for a number 
of months in Philadelphia, where he found a spe- 
cial welcome in the Chew mansion. Part of the 
somewhat somber but absorbing private diary he 
kept here has appeared in French periodicals. 


shown in 


7 Bergasse du Petit-Thouars. Aristide Aubert du Petit- 
Thouars, héros d’Aboukir, lettres et documents inédits. 
Paris, 1927. 
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The entirety is promised us some day in an Amer- 
icats edition.* 

In 1795, in the month of May, the duke set 
out on his travels, gathering impressions of the 
country for his 8-volume Voyage published in 
1799 by Du Pont. Journeying on horseback up 
the Susquehanna, he stopped two weeks at Azilum 
with an old friend, the Marquis de Blacons, 
turned storekeeper in exile. (The marquis was 
one of eight for whom Jefferson gave a final din- 
ner, at Lafayette’s request, shortly before leaving 
Europe.) Liancourt’s map shows Asylum and 
the Loyalsock, a stream emptying into the West 
branch of the Susquehanna, along whose course 
the Asylum lands interlocked with or overlapped 
those of Joseph Priestley. The 20,000-acre clear- 
ing in the maple sugar zone entered on this map 
was probably a departure from the duke’s custo- 
mary caution and veracity. 
still heavily wooded today. 


Much of this area is 
During the duke’s stay 
at Azilum, the residents drew up a petition for a 
school, roads, and blooded stock for their farm- 
lands, undoubtedly at his instigation. He was a 
friend of the English agriculturist, Arthur Young, 
and had introduced many improvements on his 
estate in Normandy. 

In the picturesque region along the Loyalsock, 
a mountain trout-stream foaming over boulders 
between heavily timbered ridges and knobs that 
rise 2,000 feet above the valley, an agent of the 
colony, Charles Boulogne, met his death in 1796, 
in a whirlpool swollen by midsummer thunder- 
storms. A certain suspicion of foul play hangs 
over the incident. One of the first acts of the 
Asylum Company had been to cut a post-road 
through the wilderness toward the West Branch 
to shorten the route to Philadelphia. Near this 
point, known today as Hillsgrove, the French road 
merged with the older Wallis pack-horse trail to 

Muncy. Boulogne, returning at nightfall, mis- 
took a candle high in John Hill’s cabin window 
for the accustomed light at the ford, and spurred 
his horse over the bank into the pool. His body 
and a few of his papers were recovered; many 
company documents are said to have been lost. 
He was buried in an unmarked grave. Crude tri- 
angular stones in the same tiny churchyard today 
indicate the resting-place of the Hills. 

In 1798 there came another traveller in exile, 


’ Samuel Breck, in a manuscript in the Society’s Li- 
brary, has left us a vivid sketch of this first gentleman 
of the extinct Versailles Court, living in poverty in an 


obscure alley “with only his ten fingers as servants.” 
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Comte Colbert de Maulevrier, whose journal * with 
its water-color sketches of scenes along the way 
was edited with notes in 1935 by Chinard. Maule- 
vrier’s river views are more alluring than his un- 
flattering self-portrait, showing a cadaverous man 
and horse and dog, suggestive of Ichabod Crane 
or the lean Knight of the Windmills. Among his 
sketches is the Northumberland home of Joseph 
Priestley, in its mountain setting. The comte 
visited Azilum also, recording somewhat dismal 
impressions of the outward scene, with girdled 
trees still standing. He reports, however, an in- 
teresting social group holding nightly musicals 
in La Grande Maison, having somehow succeeded 
in transporting a piano hundreds of miles into 
the wilderness. What they sang and played— 
Mozart, Gluck, Scarlatti, airs from Grétry’s Rich- 
ard Coeur de Lion—surely not “Ca ira,” or the 
“Carmagnole,” is still an object of research. 


IV 


What remains of the colony today? The titled 
colonists returned to France when the Reign of 
Terror passed and the Napoleonic regime appeared 
to offer stability. A number of the bourgeoisie 
remained, however, intermarrying with local fami- 
lies, and spreading out over the countryside. The 
widow d’Autremont and two sons remained in 
America, one son going back in the wake of 
Talleyrand, another distinguished visitor at the 
colony. Le Fevres, Prevosts, La Portes, and 
Brevosts settled permanently in the vicinity, one 
of the group advertising in 1801 the opening of a 
school for teaching French, “a language which 
has become the common tongue of Europe, and 
which sincere friendship between the American 
and French people will render necessary to young 
gentlemen who intend to follow the political or 
merchantile life” 





an admonition worth reviving. 

Charles Homet and his wife, formerly of the 
royal entourage in the Tuileries, were among 
those who remained, their sons and grandchildren 
farming the countryside across the river, giving 
their name to Homet’s Ferry, and building a 
great gristmill with race and water-wheel. A 


® Colbert de Maulevrier. Voyage dans l'intérieure des 
Etats-Unis et au Canada, fait en 1798, Part 1, Voyage 
sur les bords de la Susquehanna, pp. 12-13, and Part 2, 
Voyage au Niagara et au Canada, pp. 33-34. (Ed. by 
Gilbert Chinard.) Baltimore, 1935. (The edition is il- 
lustrated with 20 reproductions of the water-color sketches 
made by the journalist en route from Philadelphia to 


Harrisburg and Sunbury, and from Burlington to Wilkes- 
Barre and Niagara.) 











portrait of Charles, Jr., whose fine open counte- 
nance is said to closely resemble his father’s, has 
been preserved. Teachers, physicians, musicians, 
are among his descendants. 

What remains of the village site itself, so care- 
fully plotted and laid out in 1793? Azilum ter- 
race today is largely farmland, with scattered 
homesteads clustered about a white-steepled church, 
with a frieze of fleur-de-lis below the belfry. 
Locally it carries the name of Frenchtown. The 
Queen’s House is gone, but just off its site stands 
the hundred-year-old homestead of the son of an 
emigré, John La Porte. When the others with- 
drew, the affairs of the colony were left in the 
hands of his father, Barthélemy, who had married 
an English girl said to have been of the same 
stock as Benjamin Franklin. John La Porte be- 
came in turn judge, Speaker of the House in the 
State Legislature, and congressman, foremost in 
the development of improvements in this section. 
In the gable of his country residence (he built a 
second home in the county seat, Towanda) there 
is a small palladium window in the gable, similar 
to that in the facade of Monticello). Both the 
elder La Portes were ardent Jeffersonians. 

Back on the upland where Captain du Petit- 
Thouars started his clearing, a little stone Gothic 
church (St. Basil’s) looks down on Dushore (Du 
Thouars). A dozen miles farther back is the 
county seat of Sullivan, perched on a mountaintop 
near Eagle’s Mere and named La Porte for the 
son of the refugee, who was state surveyor when 
the new county was laid off. The original plan 
recorded in the county deed-book is a replica of 
that of Azilum, and reminiscent of Philadelphia, 
with a central town lot, Spruce, Cherry, Beech, 
and Maple Avenues, and Raspberry, Blackberry, 
Strawberry, and Cranberry Alleys. 

A few miles way in 1854, a rag-picker and 
mystic from Philadelphia deeded four square 
miles to the Almighty, and planned a religious 
colony, Celesta. Grasping county officials frus- 
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trated his design by selling the settlement and its 
flocks for taxes. It is interesting to note that 
at one time Peter Armstrong, for such was the 
name of the mystic, carried on a flourishing traf- 
fic in maple sugar, in the French tradition. 

In 1793 the refugee St.-Mémin had tried his 
maiden hand on a set of engravings for “a pro- 
posed French settlement on the Susquehanna” 
(now in the Corcoran Gallery). Many years 
later a Napoleonic exile, Piollet, a prominent canal 
and railway official in Bradford County (offshoot 
of old Luzerne), appears to have used the design 
for his spacious family residence in the town just 
north of Azilum, Wysox, where the North 
Branch Canal, promoted largely through French 
influence, had a depot. East and west along the 
Pennsylvania border, as far as the Delaware and 
Allegheny Rivers, Smethport, Coudersport, and 
Le Raysville perpetuate the names of the French 
and Belgian capitalists through whose enterprise 
this section was developed. Le Raysville is named 
for Le Ray de Chaumont, French business man 
and friend of John Paul Jones and Benjamin 
Franklin, interested in this section through the 
influence of Robert and Gouverneur Morris. 

Finally, in a town 30 miles up the river, a La 
Porte descendant was instrumental in 1897 in 
securing the gift of a fireproof building for the 
local historical society, where many of the Azilum 
documents are stored and exhibits and publica- 
tions keep alive the memory of the colony.’® 
Greek pillars, the taste for which Jefferson brought 
back from France, dignify the facade, in harmony 
with the Greek name of the town, Athens. The 
town library is housed on the ground floor, Tioga 
Point Museum on the second. 

Yet superficial commentators still maintain that 
the colony of Azilum has vanished, leaving not a 
wrack behind. 


10 Elsie Murray. 


Asilum, French refugee colony of 
1793. 


Athens, Pa., 1940. 



















































Of all men saving Sylla, the man-slayer 
Who passes for in life and death most lucky 
Of the great names which in our faces stare 
The General Boone, back-woodsman of Kentucky 
Was happiest amongst mortals anywhere 
For killing nothing but a bear or buck, he 
Enjoy'd the lonely vigorous harmless days 
Of his old age in wilds of deepest maze. 
Byron’s Don Juan 
Canto 8, couplet 61 


Tuts account of the hitherto unknown episode 
of a mortgage loan placed by Benjamin Frank- 
lin upon the farm in Berks County where Daniel 
Boone was born and brought up is better under- 
stood after a brief consideration of Boone’s boy- 
hood year©rs. 

The Pennsylvania Historical Commission, 
which has acquired the Boone tract as an his- 
torical shrine, is now engaged in restoring the 
homestead of two centuries ago. This project is 
one of national appeal and interest, since no 
figure in our early history has so completely 
captured the popular imagination nor does any 
command so engrossing a share in the admiring 
regard of our youth. So compelling was the 
magic of the Boone tradition at a period when 
the average European conception of America 
was vague that it arrested the attention of the 
great Byron, then compiling the epic of Don 
Juan in his Venetian harem. The eight lines 
which the poet devotes to our hero do not rank 
as his best from the point of view of rhetorical 
cadence or even of a knowledge of his subject, 
but, after all, no other contemporary American 
can claim a similar tribute. 

It is probable that many who read in the 
public press of the establishment of this Me- 
morial Cabin are surprised at its location. So 
much is the career of Daniel Boone linked with 
Kentucky and our southwestern frontier as it 
existed before the American Revolution that few 
realize that the pioneer spent his first sixteen 
years in the Schuylkill Valley of Pennsy!vania. 

It was in April of 1750 that the arrangements 
for departure were finally concluded and the 


PROCEEDINGS OF THE AMERICAN PHILOSOPHICAI 


BEN FRANKLIN’S MORTGAGE ON THE DANIEL BOONE FARM 
J. BENNETT NOLAN 


Lieutenant Commander, U.S. C. G. R. (T) 


(Read November 21, 1942) 


SOCIETY, VOL. 


394 


wagons loaded for the long journey over the 
mountains to Virginia. At the head of the fore- 
most ox-team stood a stalwart stripling taking 
his last look at the Oley hills silhouetted in the 
spring sunrise. As he gazed, he may well have 
speculated as to just how much the development 
attained in these sixteen years spent in Berks 
County was to influence his future life. 

Certainly there was little in his youthful 
Pennsylvania career to suggest the dazzling 
future which awaited him beyond the savage 
Appalachians. The gentle Quaker upbringing of 
Exeter Meeting seemed no more likely to rear a 
resourceful and formidable warrior than did the 
peaceful routine of the monotonous, agrarian, 
Palatine settlement to develop a leader of men, 
the savior of a border civilization. And yet, as 
the homely caravan wound its way down. the 
Owatin, a glorious Destiny marched with the 
plodding oxen. Daniel Boone’s boyhood in 
Berks County was concluded, his career as a 
world figure was just begun. 

The countless biographies, including the last 
most excellent effort of Captain Bakeless, have 
necessarily not had the space to treat any period 
of Boone’s life in the detail permitted by this 
brochure. Some years since the writer heard a 
student inquiring of that eminent historian and 
teacher, John Bach McMaster, why he did not 
write a history of Pennsylvania. ‘Because it has 
not been sufficiently monographed as yet,” re- 
plied the sage. Perhaps when the great par- 
ticularized life of Daniel Boone comes to be 
written, it will be founded upon recitals similar 
to this, dealing at length with scattered episodes 
in the career of the distinguished subject. 

This episode in the boyhood of Daniel Boone 
would naturally interest all Americans, but at 
first glance would hardly seem relevant to the 
routine or aims of the American Philosophical So- 
ciety. However, when, somewhat unexpectedly, 
this youthful career of a great pioneer begins to 
dovetail with that of our Avatar, Ben Franklin, 
it becomes of interest to this Society and should 
be deemed worthy of perpetuation in its records. 


MAY, 1944 
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The narrative which shall follow is important, 
first, in that it shows Franklin in the unwonted 
role of trustee of an insurance company, lending 
money upon land, and, secondly, in that it 
affords another demonstration, if such were 
needed, of his innate good-will and loyalty toward 
a boyhood friend. 

The genesis of our anecdote lies in the in- 
credibly bad husbandry of Squire Boone, Daniel’s 
father. When Squire came over from Devon 
and pushed up through the present Bucks County 
to patent a piece of land in the present Berks 
County, he was a weaver and not a farmer. He 
reclaimed the tract from the forest and erected a 
log dwelling thereon, but he is not likely to have 
improved it in the seventeen years of his tenure. 
Nor was the tall, active, sinewy lad, christened 
Daniel, and sixteen years old when the family 
left for Virginia, apt to have been a useful farm- 
hand; he was more interested in fishing, trapping, 
and field sports. So, in 1750 when Squire Boone, 
not too successful on his plantation and em- 
bittered by strife with the local Quaker Meeting, 
resolved to emigrate to Virginia, it was not easy 
to find a purchaser, and yet someone had to be 
discovered who would hold the bag. 

In this juncture Squire bethought himself of a 
relative by marriage, William Maugridge, of 
Philadelphia. He journeyed down the long 
Schuylkill trail, found Maugridge, and actually 
sold him the 158 acres for £300 Pennsylvania 
currency, the equivalent of £150  sterling.' 
What blandishments the Squire employed or 
whether the grantee ever saw the farm before 
purchasing, we do not know. Maugridge did 
not even take the trouble to record his deed, but 
he came up and began to work the land, probably 
with the aid of negro slave labor.? 

Maugridge’s background had scarcely qualified 
him to rehabilitate a farm, sadly run down. We 
know little of him beyond the fact that he was 
one of Franklin’s earliest Philadelphia friends 
and associates, had been a member of the Junto, 
was a joiner by trade, and is described in the 
Autobiography as an ‘‘excellent sensible man.”’ 
Very few of his autographs survive, the only one 
in the extensive collections of the Historical 
Society of Pennsylvania being his attestation as 
Sheriff’s Clerk of an election October 2, 1749.* 


‘Deed Boone to Maugridge, Berks County records, 
Deed Book No. 6, page 1. 

2 Maugridge’s will, Berks County records, Will Book 2, 
page 16, mentions these slaves. 
3 Hist. Soc. Pennsylvania records. 
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Affairs did not prosper with Maugridge, indeed 
it was not likely that they would, for he was not 
fitted for a pioneer farmer's life in the wilderness 
of the upper Schuylkill. Four years elapsed, and 
the winter of 1754 found our amateur farmer very 
much in debt. He rode down to Philadelphia 
just as Squire Boone had done before him and 
discussed his predicament with his old friend and 
advisor, the printer Ben Franklin. He arrived 
at a propitious moment, since Franklin, two 
years before, had organized his Philadelphia 
Contributionship for the Insurance of Houses 
from loss by Fire; and the Contributionship had 
funds to invest. To be sure, a loan on partially 
unseated lands in the new county of Berks was 
not an attractive investment and without Frank- 
lin’s personal endorsement was not likely to be 
considered. However, Ben Franklin was never 
the man to leave an old friend in distress, and 
now we relegate ourselves to the minutes of the 
society. 


Minutes of February 5, 1754 


Application being made on behalf of William 
Maugridge to borrow two hundred pounds as a 
Security for which he proposes to Mortgage his 
Plantation containing Acres in the County of 
Berks, and the Board being informed that Benjamin 
Franklin will engage that the interest shall be punc- 
tually paid, Agreed that John Smith may let him 
have it out of the first money he shall have in his 
hands and that Hugh Roberts is appointed to assist 
the treasurer in Examining the Title. 


Whether Hugh Roberts ever performed the 
duties delegated to him and made the toilsome 
trip to Reading, newly erected county seat of 
Berks County, to examine the title, is not dis- 
closed, but had he searched the records, he would 
have found that Maugridge had not yet recorded 
his deed and that consequently the Contribution- 
ship’s mortgage for £200, placed April 10, 1754,‘ 
was not a lien. 

Now nine years passed and much water went 
over the dam. The French and Indian War 
raged, Braddock was defeated, the English were 
finally victorious, and Ben Franklin went to 
London as Colonial Agent in 1757. During all 
this eventful period Maugridge stayed on the 
farm, trying to make ends meet with the £200 
which Mr. Franklin’s recommendation had pro- 
cured for him. By the autumn of 1762 he was 
again in financial stress. Franklin was now back 
in Philadelphia for the two years of interlude 


4 Berks County records, Mortgage Book AA, page 68. 













































396 = 








between his second and third visits to Europe. 
Again Maugridge rode down the valley trail to 
consult with his early associate. Franklin could 
scarcely suggest to the Contributionship the 
placing of an additional mortgage on the Boone 
plot when the first one had not been paid. In- 
deed, it is likely that according to his guarantee 
he had personally advanced installments of in- 
terest which the luckless mortgagor could not 
promptly pay. It is here, however, that we have 
evidence of his philanthropy towards a member 
of his beloved Junto. On December 9, 1762, he 
gave Maugridge an additional sum of £258 16s, 
taking as security a second mortgage to himself. 

Franklin went back to the fleshpots of Craven 
Street, and poor Maugridge continued with his 
agrarian struggles. That he was not unmindful 
of the benevolence of the Franklin family and 
occasionally sent them good cheer from Berks 
County, is shown by Deborah Franklin’s letter 
to Benjamin on November 3, 1765:° ‘Speaking 
of buckwheat cakes, our good friend Mr. Maug- 
ridge has sent some of the best of the flour that 
I ever saw and we had them hot.”” This demon- 
strates that if the mortgagor was not always 
punctual in his payment of interest, he was, at 
least, not insensible to the favor which had been 
conferred upon him. 

Maugridge had one gleam of comfort in his 
declining years, when his daughter Sarah con- 
tracted an advantageous marriage with Edward 
Drury, a well-to-do innkeeper of Reading. With 
Sarah's removal, however, he was compelled to 
work the harder, and finally in 1766 he gave up 
the unequal struggle and died. The news soon 
permeated to Deborah in Philadelphia and she 
wrote to her husband under date of April 26, 
1767: 


. When I heard of Mr. Maugridge’s death it 
surprised and troubled me indeed. 
Thomson went up. 


Our neighbor 
I got him to speak to Mrs. 
Drury. She seemed to be a stranger to the affair, 
but it could not had talked with her 
about it. I got Mr. Thomson to write to her but 
| have not received one word of answer from her, 
but Tommy Potts says his brother, Rutter, is 
executor and he will speak to him.’ 


be so as I 


At the time of his passing Maugridge must 
have been considerably in arrears on the mort- 


* Berks County records, Mortgage Book AB, page 150. 
® Bache Collection, American Philosophical Society. 
? Bache Collection, American Philosophical Society. 
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gage of the Contributionship, for by minute of 
December 2, 1766, the Board, referring to 
‘sundry persons backward in paying interest,”’ 
appointed a committee “to do what may be 
necessary in the affair of William Maugridge’s 
interest.” 

The lawyer in charge of the Contributionship’s 
affairs at this period was the celebrated Thomas 
Wharton. Maugridge was now dead, and Squire 
Boone’s former farm had passed under the 
Maugridge will to Sarah Maugridge Drury. 
Both the mortgages, the one to the Contribution- 
ship and the one to Benjamin Franklin, were in 
arrears; something had to be done. Inasmuch 
as the Franklin lien was the secondary one and 
as Benjamin had practically guaranteed the 
Contributionship loan, the most logical thing 
seemed to be to consult with him. But Ben- 
jamin was now in London, and one must reckon 
with the delay of perhaps six months before an 
answer could be procured. Then Wharton re- 
called that the Franklin business matters were 
being handled by Deborah Franklin under power 
of attorney, and addressed himself to her. From 
a practical standpoint it was perhaps better that 
the Philosopher was not personally in Phila- 
delphia, since in the goodness of his heart he was 
likely to condone his own debt and perhaps pay 
that of the Contributionship. Deborah was 
made of sterner stuff and directed Wharton to 
proceed for collection. 

Just here there enters into our narrative still 
another notable figure, that of the young Cale- 
donian lawyer James Wilson, who had come over 
from St. Andrews and begun to practice in the 
frontier town of Reading. Wharton had no idea 
of entrusting his precious person to the rigors of 
a cold winter ride or his stomach to the un- 
believably bad fare of the Reading taverns. On 
October 14, 1768, he drew a power of attorney 
whereby Deborah Franklin, acting for ‘My 
husband late of Philadelphia, now of London,”’ 
empowered James Wilson, attorney-at-law of 
Reading, to collect the Maugridge mortgage. 

When James Wilson, destined to be a signer of 
the Declaration of Independence and to rank as 
one of the greatest of our earlier interpreters of 
the Constitution, received the claim, it prob- 
ably did not look too hopeful. Besides the farm 
there were not even enough assets in the Maug- 
ridge estate to warrant the filing of an account, 
although the will bequeathed some slaves. Wil- 
son’s first act was to record the deed from Squire 
Boone, which had lain unrecorded ever since the 
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Squire rode down the trail for Virginia eighteen 
years before. Had Maugridge’s subsequent cred- 
itors been alert enough, they might have barred 
both the Contributionship and Franklin from 
their priority of lien. One hopeful circumstance 
for James Wilson’s chance for collection lay in 
the fact that Sarah Maugridge Drury was now a 
person of means. Her husband had died, leaving 
her.a tavern stand which must have been a 
prominent one, since the first meeting for the 
establishment of a library in Reading was held 
there. 

Whether Sarah personally paid up the overdue 
interest is not disclosed, but this much is cer- 
tain: she miraculously found a purchaser, one 
Henry Feree, who on November 21, 1768, was 
willing to give £900 for the farm which the 
Boones sold to Maugridge for £300 in 1750, 
although one reason for this advance may be 
found in the fact that Pennsylvania exchange 
had dropped in the interval. 

So the unexpected had happened; James Wil- 
son satisfied the mortgage, and Deborah could 
reassure her Benjamin over the fortunate ending 
of his quixotic loan. This, it would seem, would 
have been the time for the collection of the first or 
Contributionship mortgage. That the directors 


of the insurance company were concerned for the 
liquidation of the loan is shown by their minute 
of January 6, 1767, after lawyer Wharton had 


reported that Maugridge was dead. In this 
minute he is directed to continue for collection 
and yet, curiously enough, the debt was not paid 
nor the mortgage satisfied until 1772. Another 
distinguished attorney-in-fact, Edward Biddle, 
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Speaker of the first Provincial Congress, also 
practicing law in Reading at the period, made 
final satisfaction of this protracted matter; all of 
the parties to this transaction seem to have been 
people of prominence. 

Thus ends our modest saga of Daniel Boone’s 
farm, of joiner Maugridge’s hapless agrarian 
experiment thereon, and of Ben Franklin’s gal- 
lant effort to retrieve the tottering fortunes of an 
old friend. To those who may regard the episode 
as a trivial one, the compiler can only plead the 
importance of the personages involved. It is 
with the aid of sidelights such as these that real 
history is evolved, just as a man’s innate charac- 
teristics are more often revealed in the inventory 
of his effects than in his public utterances. 

Without Franklin’s name as mortgagee and 
but for the circumstance that a great pioneer 
was born upon the premises, the recital of the 
debt upon an obscure up-country farm would 
have little significance. And yet it is well the 
incident has been resurrected; it is proper that 
the American Philosophical Society should give 
its narration a place upon their program. It 
affords new spontaneous testimony of that essen- 
tial good-will without which no one can rank as 
truly illustrious. 

Most eminent men have in their time been 
reviled, not even excepting the gentle Nazarene 
carpenter, son of Joseph and Mary. There have 
been cavillers to insinuate that Benjamin Frank- 
lin was self-seeking, even avaricious. If any 
proof is needed to show the fallacy of such 
aspersions, it may be evoked from a perusal of 
this essay. 

























































































































































































































At least one United States president 
Jefferson not indifferent to the oppor- 
tunities of ethnology of his time and locality. 
Not only did he carry out one of the first archaeo- 
logical excavations on record in the nation, at 
Monticello, Virginia, but, at his instigation, col- 
lections of linguistic data and some accounts of 
customs were made among contemporary Indians. 
While these unsystematic, ac- 
cording to modern standards, nevertheless, as in 
the instance about to be described, they are a 
distinct contribution to knowledge. 

In 1792 a band of Algonkian-speaking Indians 
was still living in the vicinity of Cambridge, 
Maryland, on the Eastern Shore of Chesapeake 
Bay. On September 18, 1792, Dr. William Vans 
Murray, a Cambridge physician, wrote to Thomas 
Jefferson, describing these Indians. There were 
nine left in the band, one of whom, a Mrs. 
Mulberry, was called the ‘‘queen”’ and was de- 


scribed as the widow of an Indian known as the 
“colonel.”’ 


Thomas 


was 


surveys were 


The nine Indians were living at a 
place called Locust Neck on the headwaters of 
the Choptank River. 

Dr. Murray also transmitted a vocabulary of 
the tribe now preserved in the archives of the 
American Philosophical Society in Philadelphia, 
which was published by Brinton.? 
examined critically 


It was later 
by Speck* and augmented 
with Nanticoke words gathered from Canadian 
sources. 

On the margins of the manuscript, there are 
two longhand notes in Murray’s writing, which 


' Many of the citations regarding Wynicaco which appear 
in this paper were first uncovered by William B. Marye. 
These are included in the appendix of his paper, ‘‘The 
Choptank Indians," Bull. Archaeol. Soc. Delaware 2 (5), 
1937. It was a review of these data which prompted the 
present writer to reexamine the original sources in the 
preparation of this paper. I want to acknowledge Mr. 
Marye’s work and give him the credit which he fully 
deserves. 

?—D. G. Brinton, ‘A Vocabulary of the Nanticoke Lan- 
Am. Philos. Soc, 31: 325-333, 1893. 

*Frank G. Speck, The Nanticoke and Conoy Indians. 
Hist. Soc. Delaware, Wilmington, 1927. 


guage,”’ Proc. 
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are of immediate interest. The first is as 


follows :4 


W ynicaco—the last king crowned of the Nanticoke 
tribe, he died as past 80 years since. His body was 
preserved and very formally kept in a Quacasun- 
house—chio-ca-son house, 70 years dead. 





The second marginal note is no less interesting: 


Taken at Locust-Neck Town—the remains of an 
ancient Indian town on Goose Creek, Choptank 
River in Dorset, Maryland—Five wigwams and a 
board house with a glass window now form the whole 
that is left of the Nanticoke tribe, wh [sic] was an 
hundred years since, numerous and powerful—many 
of them migrated to the Six Nations about twenty- 
five years since. Their words were principally taken 
from a squaw called Mrs. Mulberry—the widow of 
the late chief—who was called Colonel—no king 
having succeeded their famous Wintkako who died 75 
years since. 





Wynicaco, whom Murray pronounced a Nanti- 
coke Indian, has been frequently mentioned in 
ethnohistorical literature, and Murray’s defini- 
tion has been accepted without further deline- 
ation. Brinton® speaks of Wynicaco as the “‘last 
head chief or crowned king of the Nanticoke.” 
Speck* comments on the similarity of the name 


‘See Speck, op. cit.: 41, for the excerpts quoted and a 
copy of Murray's complete letter to Thomas Jefferson. 

*D. G. Brinton, The Lenape and Their Legends (Phila- 
delphia, 1885): 24. 

6 Speck, op. cit.: 12. 

Speck also mentions Wynicaco in The Nanticoke Com- 
munity of Delaware, p. 7 (Mus. Am. Indian, Heye Founda- 
tion, New York, 1915), and also in Jndians of the Eastern 
Shore of Maryland, p. 9 (Eastern Shore Soc., Baltimore, 
1922). 

Other references to Wynicaco which have come to the 
writer's attention occur in Francis Jordan, Jr., Aboriginal 
Fishing Stations on the Coast of the Middle Atlantic States, 
p. 31 (Philadelphia, 1906); D. S. Davidson, “‘Burial Cus- 
toms of the Delmarva Peninsula and the Question of their 
Chronology,”” Am. Antiquity 1 (2): 86, 1935; W. C. 
MacLeod, ‘Priests, Temples and the Practice of Mummi- 
fication in Southeastern North America,” Inter. Congress 
Americanists, 22nd Session, Rome, 1926, p. 209; L. P. 
Bowen, The Days of Makemie (Philadelphia, 1885); Bur. 
Am. Ethnol. Bull. 30. 

\ll of these writers name Wynicaco as the last Nanticoke 
chief, king, or emperor. 
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to that of a Conoy chief of 1777 called Wilakuku, 
and says that the close etymological resemblance 
is ‘significant and testifies to the political unity 
of the Nanticoke and Conoy.”” The resemblance 
in the forms of the names given in the records is 
based upon the interchange of m and /, a charac- 
teristic of the phonetic variation of Algonkian 
tongues. 

New data, taken chiefly from the Maryland 
archives, reveal hitherto unknown facts relative 
to Wynicaco and add to knowledge of the pre- 
cursors of the Indians on the Choptank River 
visited by Murray in 1792. Marye’ included a 
few of these references to Wynicaco in a dis- 
cussion of burial customs of the Maryland 
Indians. 

A few prefatory remarks are in order, so that 
Wynicaco’s position and relationship with the 
Indians called Nanticokes may be clarified. 
There were a number of separate tribal com- 
munities on the Eastern Shore of Maryland 
during the protohistoric period.® 

Of these Indian communities, one on the 
Nanticoke River, consisting of a number of 
villages, was the largest. The inhabitants of this 
river and its tributaries were known as Nanticoke 
Indians, and the use of the name Nanticoke was 
restricted exclusively to them by the Marylanders. 

A near-by community on the Choptank River 
is one with which we are now concerned. In the 
seventeenth century there were at least four 
Indian towns along the Choptank River and 
its tributaries. The occupants were called 
Choptank Indians and treated by the whites as 
distinct from the Nanticoke. The Indians living 
in the three largest Choptank towns were also 
known by the names of their respective town 
chiefs: Ababco’s Indians, Tequissino’s Indians, 
and Hatsawap’s Indians. 

The Nanticoke Indians, 7.e., those living on the 
Nanticoke River, looked to their own great leader 





7 William B. Marye, ‘Former Indian Sites in Maryland 
as Located by Early Colonial Records,’ Am. Antiquity 2 
(1): 40-46, 1936. 

8 The writer discussed these tribes in “Indian Tribes of 
the Delmarva Peninsula,” Bull. Archaeol. Soc. Delaware 
3 (5): 25-36, 1942. It must be remembered in connection 
with this paper that the Nanticoke, Choptank, Assateague, 
Pocomoke, and other tribal groups were considered as 
separate entities by the Maryland colonial authorities. 
Nevertheless, the term ‘‘Nanticoke” has been subsequently 
used carelessly by most writers as applied to all of these 
distinct tribes. This generic use of Nanticoke is to be 
deplored, since it has clouded the question of identity. 

®*For a description of these towns, see Marye (Bull. 
Archaeol. Soc. Delaware 2 (5), 1937). 
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whom the 
Emperor.” 
the records. Unnacokasimmon ruled in 1668. 
He was succeeded by his brother Ohoperoon. It 
was thought by some that Unnacokasimmon had 
been poisoned by his subjects because he was too 
friendly with the whites. The Nanticoke had a 
reputation as poisoners, we must remember. 
The succession from Unnacokasimmon to his 
brother may indicate matrilineal progression, a 
characteristic of the Powhatan confederacy. 

After Ohoperoon’s death, white influence was 
strongly brought to bear, and a new emperor, 
practically selected by the English, was Panquas, 
also called “Captain General and Commander in 
Chief.’”” Another Indian, Annoughtought, was 
appointed ‘Second and Assistant in the Rule.” 
Later, an Indian named Felton was appointed 
Emperor.'® Wynicaco, alleged to be the last 
king or emperor of the Nanticoke, is not men- 
tioned, and it is clear that his sphere of influence 
lay on the Choptank River, and not the Nanti- 
coke, as confirmed in the following citations:" 

On January 15, 1702, Wynicaco sold land on 
the Choptank River to one John Kirk. He is 
described on the deed as ‘‘Winacaco, otherwise 
called Cnocknatoone, Ruler and King of the 
Abapco Indians.’’” 

On August 13, 1704, “‘Wynicaco called Ono- 
ocknatoon Ruler and King of the Abapco Indians 
and Noochyousk and Patchyonoke Ruler of the 
Hatswampt Indians and Patchyeuse Ruler of the 
Tequasino Indians’ also sold land to the whites. 

Thirty-one members of the three bands ratified 
the transfer of the land, and their names give us 
an interesting record of the Choptank population 
of that day." 


10The writer has substantiated this progression of 
emperors, and the series of references need not burden this 
paper. However, Raphael Semmes in Captains and 
Mariners of Early Maryland, pp. 397, 399, 401 (Baltimore, 
1937), may be consulted for a summation of data. 

11 William Russel Clark, late Chief of the remnant 
“Nanticoke” on Indian River in Delaware, adopted this 
name but misspelled it Wyniaco. 

22 Dorchester County Land Records, Deed Book No. 6 
(old), 1702-1716, Folio 5 (Marye (1937: 6) quotes deed in 
full). 

13 Tbid., Folio 47 (Marye (1937, appendix: 15) gives 
complete deed). 

4 The names of the Indian signers are as follows: 
George Attowcase, Queen Nehahcash, Tockowsh, Towcosh, 
Armstrong, Ahquasliow, Pushsheeks, Mr. William Ahcone- 
patomack, Old Tom Tisehouse, Annaheakows, Cuttyouse- 
mous, Weancennoush, Tense, Aheatimousko, Chaqua- 
nouske, Neckapanouske, Ahcatowin, Kehowh, Wapatown, 
Ohkeapattam, Pequscatun, Ahigmante, Ahiewasuske, Am- 


the ‘Nanticoke 


termed 
Four of these emperors are named in 


English 
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It is important that the above deed established 
Wynicaco as Ababco’s successor; Noochyousk 
and Patchyonoke as successors to Hatsawap; and 
Patchyeuse as a successor to Tequissino. 

Another documentary reference to Wynicaco is 
found March 9, 1705, when he sold land on the 
Choptank River in company with the three other 
chiefs to William Seward.” The deed describes 
him as ‘“‘Winnicaco otherwise called Ocoockna- 
toon, Ruler and King of the Abapco Indians, 
etc.” 

On August 20, 1704, land was leased to whites 
by ‘“‘Weneghaco King of Ababco Indians and his 
queen,"’ for forty matchcoats.'* The queen was 
apparently Wynicaco’s wife, and it is perhaps 
justifiable to assume that she was the Queen 
Nehacash who signed the earlier deed of August 
13, 1704. 

On August 4, 1701, ““Wimigaco an Indian King 
sonn to Ababco of Dorchester County” leased 
another plot of land.'? This reference is highly 
important, for it established Wynicaco not only 
as Ababco’s successor, but as fis son. 

As early as 1671, Ababco and his followers were 
known to have occupied a town near the mouth 
of Whitehall Creek, a tributary of the Choptank 
River.'® The Nanticoke, at this time living on 
the Nanticoke River, also had their own rulers; 
and this precludes the possibility of Ababco 
having exercised control over them. Further- 
more, the Emperor of the Nanticoke exercised 
littke hegemony on the Choptank, for Ababco 
told the Maryland authorities that the Nanticoke 
Emperor had asked him to join in a war against 
the English, but he had declined to participate.'® 

The records reveal that Ababco had 
another son named Netaughwoughton.”° Healso 
had an unnamed daughter, sister to Wynicaco, 
who was taken into captivity by the ‘northern 
Indians,’ presumably Seneca or Oneida, about 


also 


mannusformes, Wecomoess, Mahensesowes, Chocheknotal, 
Pummapus, Atsquanneh, Keepscon, Woodenhocke. (An 
Eastern Shore town is named after the last-mentioned 
chief.) 

Many of these spellings vary in other deeds. However, 
the Algonkian word forms can be readily distinguished. 

4% Dorchester County Land Records, Deed Book No. 6 
(old), 1702-1716, Folio 87 (see Marye (1937, appendix: 16) 
for complete deed). 

16 Thbid., Folio 59 (Marye, 1937, appendix: 17) 

‘7 Dorchester County Land Records, Deed Book No. 5 
(old), 1692-1701, Folio 214 (Marye, 1937, appendix: 18). 

‘8 Maryland Archives 51, 1671-72: 71. 

'® Maryland Archives 15: 359. 

© Marye, 1937: 1, 6. 
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1683, and was later released with other Choptank 
prisoners upon the intervention of the provincial 
authorities.*! 

Wynicaco died between 75 and 80 years prior 
to Murray’s visit in 1792, and this would place 
his death between 1712 and 1717. Conse- 
quently, between 1717 and 1792, one would ex- 
pect to find his heirs named in the deeds, and the 
assumption is not unwarranted. 

A deed was filed September 9, 1726, by “Betty 
Caco, Queen of the Ababoc Indians daughter and 
heir of Winnecaco late of Dorchester county de- 
ceased who was Ruller and King of the af. d. 
Ababoc Indians and Pametasuck Queen of the 
hatch Swamp Hatsawap Indians, Daughter and 
heir of Patchosk late of Dorchester County 
dec.d who was Ruler and King of the af. d. 
Hatchswamp Indians, etc.’’” 

This deed was ratified by eleven Indians whose 
proper names reveal an interesting transition 
from Algonkian forms to English.” 

Also on September 9, of the same year, 
the two “Queens” sold- land to whites. The 
Indian women are referred to as Parmenta Sink 
(Pametasuck), Queen of the hardswamps, and 
Betty Carco, Queen of the Ababco Indians.*4 
Twelve Indians signed this transfer with their 
marks.” 

The earliest reference to Betty Caco is dated 
June 13, 1722, when she sold land in her own 
right, indicating that her father, Wynicaco, had 
died prior to that date.*® 

Thus Betty Caco inherited rights to land which 
had belonged to her father Wynicaco and her 
grandfather Ababco. Prior to Ababco, another 
Choptank chief, Tetacoughkow, is cited in the 
records of 1659 as signer of a treaty with Governor 
Fendall, wherein he represented the Indians of 
Transquakine (later called Ababco’s town). He 
may have been one of Wynicaco’s ancestors. 

It is to be noted that Betty Caco’s contempo- 
rary, Queen Pametasuck, inherited land that had 


21 Marye, 1937: 6. 

% Dorchester County Land Records, Deed Book No. 8 
(old), 1702-1732, Folio 142 (Marye, 1937, appendix: 18). 

*% Their names are: Nanee Cahonke, widow Tatowin, 
Arquasuckanak, Tallowin, Six Pence, Weanchum, Perme- 
tasichsh, Betty Caco, Tom Bishop, Dick, Bonny Clabbo. 

*% Dorchester County Land Records, Deed Book No. 8 
(old), 1720-1732, Folio 142 (Marye, 1937, appendix: 18). 

% Their names are as follows: Six Pence, Weanchum, 
Cahonk, widow Tatowin, Little John, Araquakanah, 
Tatlowin, Parmenta, Betty Carco, Tom Bishop, Dick, 
Bonna Clabbo. 
26 Scharf Papers, Maryland Historical Society. 








belonged to her father, Patchyosk, who had 
inherited it from his father Tequissino.”’ 

Whether Betty Caco gave birth to offspring to 
perpetuate the blood of Wynicaco remains 
unknown. In the year 1748, twelve Indians who 
called themselves ‘“‘Choptank or Locust Neck 
Indians”’ (note: not Nanticokes) rented a planta- 
tion to Thomas Owen on the Choptank.*® One 
of the signatories was Mulbury, and this is the 
first time his name appears in the legal records.*® 
He, beyond doubt, was the “late colonel,” 
husband of Mrs. Mulberry, of whom Murray 
speaks. 

In 1742 the “Indian Mulberry of Locust Neck 
Town”’ testified that the Nanticoke Indians of 
Chicacone Town on the Nanticoke River had 
plotted with the Shawnee to rise against the 
English.*° 

The next chronological reference to these 
Indians was that of Murray in 1792, already cited. 

On April 6, 1799, seven years after Murray’s 
visit, there remained only five of the nine Indians 
he had observed, all bearing English names with 
no suggestion of their native nomenclature. 
They were: Mary Mulberry, her son Henry 
Mulberry, Henry Sixpence, Thomas Joshua, and 
Esther Henry. Marye deduces from her name 
that Esther Henry may have had Negro blood.*! 
Mary Mulberry undoubtedly the Mrs. 
Mulberry of Murray and the wife of the ‘Indian 
Mulberry” called ‘‘colonel.”’ 

It seems that the strain has now been erased, 
having been last reliably observed by the his- 
torian Bozman at East New Market, near Locust 
Neck, about 1837. The writer recently made a 
reconnaissance to Cambridge and vicinity and 
interviewed many elderly persons, both white 
and Negro, in search of descendants of these last 
five Choptank Indians. 

Not a few colored persons living in East New 
Market today have non-Negroid facial charac- 
teristics. It is not uncommon to encounter <2 


was 


27 The English conception of land tenure prevailed in all 
of these sales. We are unable to find positive evidence of 
the family hunting territory as the basis of land ownership 
such as the writer has noted among the Delawares. (See 
C. A. Weslager, ‘‘The Family Hunting Territory Question 
in Delaware’’ published by the Archaeological Society of 
Delaware, June 20, 1941). 

28 Maryland Archives 31: 44-45. 

°° The signers were Hoping Sam, Abram, John Quash, 
Presillah, John Pike, Sarah Bishop, Nancy, Tom Bishop, 
Mulbury, Jamme, James Cohonk, and Thomas Owens. 

80 Maryland Archives 28: 262, 266, 269. 

st Marve, 1937: 13. 


2 Marye, 1937: 14. 
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Negro with thin lips, aquiline nose, and wide 
zygomatic span; or to see another with straight 
hair and a light complexion. It is tradition 
among the older Negroes that a long time ago 
some of their people married Locust Neck 
Indians. None of the present colored population 
has sufficient Indian blood to be of significance 
racially, and, in fact, none interviewed made 
positive claim to Indian ancestry. No one 
named Mulberry was found, and no trace of 
descendants bearing the names of other Indians 
cited in the documents. 
CONCLUSIONS 

The foregoing data reveal several items which 
are contributory to our understanding of the 
Algonkian-speaking Indians of the Eastern Shore 
of Maryland. It has been shown that the writers 
who have called Wynicaco a ‘“‘Nanticoke Em- 
peror’ or ‘Nanticoke King’’ have used both 
words very loosely. Wynicaco resided on the 
Choptank River and was sachem of one of three 
Choptank Indian bands, named for his father, 
Ababco, who did not merit title to emperorship. 
Wynicaco succeeded Ababco as the leader of the 
band, thus inheriting his father’s chieftaincy. 

The national leader of the Nanticoke Indians 
lived on the Nanticoke River, and was known to 
the English as the Nanticoke Emperor. He ap- 
parently had little or no jurisdiction over the 
Choptank Indians. Wynicaco and the nine so- 
called ‘‘Nanticokes” of 1792 were not politically 
afhliated with the true Nanticoke tribe, but were 
remnants of the Choptank. Thus the vocabulary 
collected by Dr. Murray and -reprinted by 
Brinton, which has been accepted as illustrative 
of the Nanticoke tongue, must be reclassified as 
a Choptank vocabulary, at least until it is proved 
that both Nanticoke and Choptank spoke iden- 
tical dialects, which is highly probable. 

We learn also that Wynicaco and other con- 
temporary Choptank chiefs, and their prede- 
cessors, negotiated land sales without interven- 
tion by other Indians, thus exercising local 
autonomy on the Choptank River. Land was 
sold by these chiefs with the common consent of 
their followers. 

The succession of descent among the Choptank 
was seemingly patrilineal, and either a son or a 
daughter could inherit the father’s position and 
land rights. Feminine right to ‘‘nobility,’’ how- 
ever, was recognized, and the names of four 
“queens” are recorded: Nehacash, Betty Caco, 
Pametasuck, and Mrs. Mulberry. 
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From a description of the mortuary treatment 
of Wynicaco’s corpse, there is evidence that the 
custom of preserving the remains of a dead chief 
in a Chiacason House was a cultural trait of the 
Choptank.™ 


“ This burial complex was also characteristic of the 
Nanticoke, Assateague, and Pocomoke; see C. A. Weslager, 


“Ossuaries on the Delmarva Peninsula,"’ Am. Antiquity 
8 (2): 142-161, 1942 


A. WESLAGER 


Through the legal records, from 1704 to 1799, 
the names of Choptank Indians undergo a 
gradual anglicizing, and the number of signers 


decreases. In 1837 we have a contemporary 


observation of their status as of that year, and 
finally, the writer’s recent field trip points to the 
conclusion that the blood of Mrs. Mulberry and 
the other Choptank Indians has been absorbed 
by the local Negro population. 






















ACCORDING to the very kind letter of invitation 
from the executive officer, | am expected to say 
as a preliminary a few words about my travels 
in the Arctic regions and about the habitat or 
environment of the Eskimo which I have made 
my life study. To understand the life of the 
inhabitant of the Arctic, the Eskimo, we must 
know the country—its geography, its geology, 
its soils, its climate, its flora and fauna. And, 
it is not certain that the inhabitant is not also 
subtly influenced by such factors as_ polar 
radiations, winds, clouds and precipitation, the 
magnetic pole, and the aurora, or that these 
influences are less than that of the flora and 
fauna. 

Since 1933 this region has been my assignment, 
and it has given me my life work. Every 
summer since then I have been collecting data 
on the Eskimo and his country. I covered 
85,000 miles in the Arctic from Demarcation 
Point, Alaska, to South Greenland by schooner, 
motorboat, steamship, plane, and on foot, ex- 
ploring 198 Arctic stations. At present I have 
more than 40,000 specimens of plants (Arctic 
cryptogams and phanerogams), rocks, minerals, 
soils, archaeological and anthropological speci- 
mens, insects, etc. 

No science can be properly understood without 
knowing its history: likewise no region nor its 
people can be understood without knowing their 
history. I have therefore had to concern myself 
with the history of the natural sciences of the 
Arctic and to take account of what we owe to 
our predecessors in exploration. | soon ascer- 
tained that there is one class of explorers whose 
scientific work is rather modest but who have 
done an enormous amount of work in Indian 
linguistics. These are the missionaries. Inci- 
dentally, their works, having no other end in 
view than the service of their missionary pro- 
fession, have had no circulation outside their 
own group, order, or congregation, and thus 


1 Investigation aided by grants from the Penrose Fund 
of the American Philosophical Society. 


PROCEEDINGS OF THE AMERICAN 


AN INEXHAUSTIBLE SOURCE OF LINGUISTIC KNOWLEDGE ! 
ARTHEME DUTILLY 


Catholic University of America 


(Read November 21, 1942) 
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have not had in view the interest which learned 
societies might take in them. Many of their 
grammars, dictionaries, translations of the Bible, 
or other religious works have remained in manu- 
script or have been merely mimeographed for 
the use of their successors in their mission in the 
midst of such and such a tribe. In the oldest 
missions these manuscripts have served two or 
three generations of missionaries who have 
completed or corrected them in accordance with 
their increasingly accurate knowledge or with 
the development of the dialect. To catalogue 
all the linguistic works made by the missionaries 
from the beginning of the Canadian colony, 
whether under the French regime from 1604 to 
1760 or under the English regime from 1760 to 
our time, would be the undertaking of a linguistic 
or missiological institute rather than of an 
individual. 

Under the French regime practically all the 
tribes which then existed 


and those not yet 
extinct were evangelized either by the Re- 
collects (1615-1796 (last survivor 1813)) or 


by the Jesuits (1625-1800 (last survivor 1800)) 
or by the Sulpicians and Secular priests. 

Under the English regime, dating from 1710 
in Nova Scotia, several Protestant churches 
entered the scene, such as the Anglican (Nova 
Scotia, 1710) and the Presbyterian (Nova Scotia, 
1749), and after the fall of Quebec in 1760, these 
two denominations as well as the Congregation- 
alists (1760), the Lutherans (1761), and the 
Methodists (1765) engaged in missionary activity 
throughout Canada. 

A new period of Catholic missionary activity 
among the native tribes of Canada began in 
1841 with the arrival in Montreal of the Mis- 
sionary Oblates of Mary Immaculate.2. A year 


2 The Missionary Oblates of Mary Immaculate (O. M. 
l.). Founded January 25, 1816, by Mgr. de Mazenod, 
under the device Evangelisare pauperibus misit me—‘‘ He 
has sent me to evangelize the poor’’—the Congregation 
of the Oblate Missionaries of Mary Immaculate now has 
almost 5,196 members—priests and brothers coadjutor 
and is divided into 32 provinces and Vicariates Apostolic. 
Numerous juniorates (2,014 Oblate minor. seminarians), 


87, No. 5, MAy, 1944 
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later a group of Jesuit missionaries also arrived. 

As for political geography, it must be remem- 
bered that from 1791 on, Canada had a threefold 
division : pper Canada (Ontario), 
Lower Canada (Quebec), and the territories of 
the North-West belonging at’ first to the Hud- 


’ ? 
son s Bay 


namely, | 


Company and afterwards becoming 


an integral part of the federation.* 
This immense extent of the north, measuring 
formerly nearly 2,000,000 square miles belonged to 
the Hudson's Bay Company on titles, that were very 
much contested. 


The 8th of April, 1875, the territories 


were 
provided with an official constitution for all the 
North-West, formerly called Rupert Land. In 1882, 


they were sub-divided into 4 temporary districts: 
\ssiniboia, Athabaska, Alberta, Saskatchewan. Re 
constituted on the Ist of 1905, the 
territories actually comprise a surface of 1,309,682 
square miles north of 60 latitude minus the Yukon. 


In order to 


September 


effectuate a more convenient plan of 
administration the territories which embrace all the 
portions ot Western 


Yukon, 


country not belonging to a 
divided into 4 


Mackenzie, Keewatin, Franklin.® 


Province were districts: 


This is enough, | believe, to establish the 
outlines of the Canadian Indians. 
The present population, largely of mixed 


blood, is roughly 110,000. When the Dominion 
was discovered, its inhabitants numbered only 
about 220,000, according to Mooney.® 

The map which you see localizes for you the 
The 
figures appended to their names indicate the 
population. 


various tribes which still exist in Canada. 


Most of these tribes were actually 
evangelized by the Oblate missionaries, and this 
is true not only of the Vicariates in charge of 


the Oblates, such as Prince Rupert, Yukon, 
Mackenzie, Grouard (Peace River), Le Pas 
(IXeewatin), Hudson Bay, and James Bay, but 
also in the Dioceses where the Indians are 


chiefly on Chicoutimi, 
Quebec, Ottawa, St. Boniface, Winnipeg, and 


Regina. 


reservation, such as 


noviciates (220 and 
scholasticates (1,347 Oblate seminarians with two years of 
philosophy and four i 
youth lhe Motherhouse has 
Vittorino da Feltre, since 1904 

‘Le Jeune, P. | Dictionnaire general du 
711. Ottawa, 1931 

‘ Thid 

5 Ibid 

® Mooney, James 
Smithsonian Mise 


scholastics and 92 lay brothers), 


years of theology) are raising its 


been at Rome, 5 via 


Canada 2: 


\boriginal population of America. 


1928. 


Coll. 80 (7): 33, 
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More than half the Indian population today 
is Roman Catholic, and it is served by the 
Missionary Oblates of Mary Immaculate, who 
have 200 of their members engaged in the care 
of the native tribes. These missionaries conduct 
about 100 Indian schools and 15 mission hospi- 
tals. In addition, more than 40 Oblate priests 
are concerned with the evangelization of the 
Eskimo, and in connection with this work they 
direct two hospitals and one school. 

The other Christian Indians are served by the 
Anglican and Presbyterian missionaries with 
about 60 non-confessional schools. Among all 
those who take care directly of the Canadian 
Indians, the Oblate missionaries have, perhaps 
more than any other group, acquired a deep 
knowledge of Indian linguistics for three princi- 
pal reasons: 

1. Because many of them have volunteered to 
spend their lives among the Indians, either after 
their five years in college (on entry into the 
Novitiate), after their two years of Philosophy, 
or at the end of their four years of Theology. 
Because their appointment is for life, and 
naturally they take a deep interest in those 
tongues which they are to use for the rest of 
their lives. 

2. Because, being not merely visitors among 
the Indians but living among the Indians, they 
are continually with them and often live like 
them, especially when accompanying them on 
their hunting trips. 

3. Because, in order to treat of religious 
questions, and hence of intellectual and spiritual 
questions, they need a more profound knowledge 
of the grammar and dictionary of the language 
or dialect of their tribe than is needed, for 
example, by an explorer, a trader, a policeman, 
or a radioman. 

Let us now come to the work accomplished by 
them for the last hundred years; that is to say, 
since the time when, at the instance of Monsignor 
Signay, they set out in the month of August, 
1844, for Ha-Ha Bay by the mouth of the 
Saguenay and Lake St. John to evangelize the 
Montagnais and the tribes of Labrador (P. 
LeJeune). 

The table of manuscripts and publications 
(summarized on p. 405) is not complete. It 
mentions only the writings which have been 
gathered in our Oblate Archives in Ottawa. 
Many manuscripts are still to be made available, 
whether by photography or otherwise, and they 
are scattered along the whole extent of the 
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Canadian north. No amount of money could 
remove them from the missions, because the 
missionaries have need of them either for them- 
selves or for their missionary pupils. Moreover, 
they are mission property almost everywhere; 
therefore, to secure access to them, one must go 
to the missions to consult them 
photographs of them. 

The manuscripts are generally in letters of 
our alphabet, and publications printed or mimeo- 
graphed are either in the sarae characters or in 
syllabic characters. 

The Syllabarium invented by the Protestant 
missionary, James Evans, in 1841, is based on 
the principles of a system of phonetics. There 
are no silent letters and each syllable is repre- 
sented by a single character. These characters 
when combined make up words. This invention 
has been standardized and popularized by the 
Ottawa Government, and seems to become more 
and more popular, particularly among the 
Eskimos of Hudson Bay. The General Ad- 
ministration of the Oblates has rendered its use 
obligatory on its own missionaries. It has the 
advantages of simplifying the orthography of 
Indian or Eskimo words and of being more 
effective in teaching to both races. 

Another similar system was used by Father 
LeJeune, Jean-Marie-Raphael, O. M. I. (1850 
1930), who was acquainted with the stenographic 
system of Abbé Duployé from the time of its 
popularization after the Franco-Prussian War 
(1870-71), and who made himself a master of it. 
Finding himself placed by his ministry in succes- 
sive contact with natives of different idioms, and 
sometimes with 


or to make 


several languages simultane- 
ously, he conceived the project of applying the 
system by means of the Chinook, or common 
idiom of commercial relations, to tribal phonetics. 
Thus he invented a new and permanent means 
of communication and of catecheticai and doc- 
trinal evangelization. In the space of fifty 
years, success has crowned his efforts and won 
the applause of ministers of other denominations. 

The series of his pamphlet works on Indian 
languages is here condensed: 


Practical Dictionary of Chinook, 1886. 

Elements of Stenography, 1891. 

Stenographic ABC of the Thompson Language 
with Hymns and Chants, 1891. 

Catechism Prayers in Chinook and Thompson. 

Joseph Sold by His Brothers (a drama in 
Chinook), 1892. 
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Kamloop Wawa, a monthly review in mimeo- 
graph, photography, and typewriting, 1892 
1904. (Publication honored by a _ gold 
medal at the stenographic competition of 
Montlhéry (Seine-et-Oise) in 1896.) 

Chinook Dictionary, 1892, and Bible History. 

Catechism in Shushwap, 1893. 

Prayers in the Okanagan Language, 1893. 

A Manual of Prayers and 
English, 1896. 

A Manual of Hymns and Chants in Latin for 
the Use of All the Indians, 1896. 

A Book of Prayers in Eleven Languages, 500 
pages, 1896. 

Adaptation of Duplové’s Stenographic System 
to English, 1896. 

A Book of Devotion in Chinook, 1903. 

Trial of the Martyrs in Chinook, 1904. 

The Mission of Kamploop, 1886, 1895, 1909. 


Catechism in 


The system of Father LeJeune seems to have 
prevailed in the far West, while that of Evans 
has prevailed in central and eastern Canada. 
Which of the two is more advantageous, | am 
not competent to judge. 

The system of C. R. Lepsius, a standard 
alphabet for reducing unwritten languages and 
foreign graphic systems to a uniform orthography 
in European letters, seems to have been rejected 
by our missionary linguists. They preferred to 
utilize the Latin sounds familiar to all as well as 
their mother tongue, which is for the most part 
French. 

This is the summary of the contents of this 
table: 


1—Algonkin 14 MSS 7 publications 
2—Blackfoot ca 9 - 
3—Cree (Muskegon) > 9 ie 
4—Cree (Plains) ae 51 2 
5—Montagnais ao 28 
6—Ojibwa . 7 re 
7—Beaver eo “ 2 i. 
8—Carrier e.* 3 ” 
9—Chipewyan . * 4 _ 
10—Harye 0 7 ‘i 
11—Kutchin (Loucheux) gis 2 ro 
12—-Slave a 4 
13—Eskimo . ” 2 = 
14—Haida os 1 v 
15—Huron Be 0 : 
16—Ilroquois yg: ™” 1 . 
17—Shuswap (Salish) = 3 ™ 
18—Thompson . 1 : 
19—Assiniboine ies 0 ; 
20—Thlinkit ees 0 . 
21—Chinook i> 4 
Total 52 MSS 145 publications 
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Besides, 
printed in 


there are periodicals or journals 
language at several of the 
the Hobema, Alberta, 
the Cree language, and by Mer. 
lurquetil in the Eskimo language. Likewise, 


there 


Indian 


missions, principally by 


mission, in 


are calendars in Indian and Eskimo, 
reproduced and distributed in most of the Oblate 
missions. Some volumes have been published 
by the Oblates on the ethnology of the Indian 
and the Eskimo, but 
classed as linguistic works. 

Of the 40 tribes or 


Oblates, onlv 21 


these would hardly be 
the 
are represented in this report 
and in the above table, and even these 21 
not yet represented completely; 


so evangelized by 


are 
that is as much 
that much still remains to be done to 
the 


over a 


as to say 


together all documents which 
distributed 


hope that 


gather are 


actually wide territory. | 


this enterprise may be brought to 
completion, and that we will soon be able to 
place at the service of the linguistic scholars of 
the country this ‘‘ Inexhaustible Source of Indian 
| inguistic Knowledge.” 


ARTHEME 


DUTILLY 

The cordial assistance of the Catholic Uni- 
versity of America, of Dr. John K. Cartwright, 
of the Catholic Bishops of the Indian and Eskimo 
Missions, Mgrs. G. Breynat, Turquetil, Bunoz, 
Coudert, and Belleau, and most especially the 
generous help of the American Philosophical 
Society of Philadelphia, have made it possible 
for me to accomplish part of this task, aside 
from my extensive work .on the habitat or 
environment of the Eskimo. 

Linnaeus, one of the greatest of naturalists, 
said of himself, Laudatur et alget; that is, ‘‘ Hon- 
ored yes, yet J suffer’’-—meaning that poverty 
haunted him in spite of his fame, and that he 
was too proud to beg assistance. To me, a 
priest, no such pride stands in the way of asking 
assistance and of practicing the virtue of grati- 
tude in this regard. 

More than that, | consider myself honored to 
have the co-operation of such distinguished 
patrons. 

As the Eskimo would put it, peeoyuk 
ing amen, or thank you. 


mean- 























THE EARLIEST ACCOUNT OF THE ASSOCIATION OF HUMAN ARTIFACTS 
WITH FOSSIL MAMMALS IN NORTH AMERICA 


M. F. ASHLEY MONTAGU 


Hahnemann Medical College and Hospital, Philadelphia, Pennsylvania 


ABSTRACT 


The discoveries of human artifacts associated with the 
remains of fossil animals, claimed to have been made by 
Albert Koch in 1839, have long been discredited. In 
this paper the evidence is resurveyed in the light of 
modern discoveries and knowledge, and it is concluded 
that it is highly probable that Koch actually made the 
discoveries which he claimed to have made. It is shown 
that it is not only highly probable that he discovered 
human artifacts in association with mastodon remains, 
but that it is also probable that he discovered such arti- 
facts in association with the remains of the fossil ground 
sloth, Mylodon harlani. Finally,evidence is adduced which 
suggests that Koch was also the first discoverer of Folsom 
type points. 


On Saturday, January 12, 1839, there ap- 
peared in The Presbyterian, a weekly newspaper 
published at Philadelphia, a most interesting 
article which gave the first account of the asso- 
ciation of human artifacts with a fossil mammal 
in North America. Here is the original article: 


THE MAMMOTH 


It is with the greatest pleasure, the writer of 
this article can state, from personal knowledge, that 
one of the largest of these animals, has actually 
been stoned and buried by Indians, as appears from 
the implements found among the ashes, cinders and 


half burned wood and bones of the animal. The 
circumstances are as follows: 
A farmer in Gasconade county wished to im- 


prove his spring, and in doing so, discovered, about 
five feet beneath the surface, a part of the back and 
hip bone. Of this I was informed by Mr. Wash, 
and not doubting but the whole, or nearly the whole 
skeleton might be found, I went there and found as 
had been stated, also a knife made of stone. | 
immediately commenced opening a much larger 
space; the first layer of earth was a vegetable mould, 
then a blue clay, then sand and blue clay. I found 
a large quantity of pieces of rocks, weighing from 
two to twenty-five pounds each, evidently thrown 
there with the intention of hitting some object. It 
is necessary to remark, that not the least sign of 
rocks or gravel is to be found nearer than from four 
to five hundred yards; and that these pieces were 
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broken from larger rocks, and consequently carried 
here from express purpose. After passing 
through these rocks I came to a layer of vegetable 
mould; on the surface of this was found the first 
blue bone, with this a spear and axe, the spear 
corresponds precisely with our common Indian spear, 
the axe is different from any one I have seen. Also 
on this earth was ashes nearly from six inches to 
one foot in depth, intermixed with burned wood, 
and burned bones, broken spears, axes, knives, etc. 
The fire appeared to have been the largest on the 
head and neck of the animal, as the ashes and coals 
were much deeper here than in the rest of the body; 
the skull was quite perfect, but so much burned, 
that it crumbled to dust on the least touch; two 
feet from this, was found two teeth broken off from 
the jaw but mashed entirely to pieces. By putting 
them together, they showed -the animal to have 
been much larger than any heretofore discovered. 
It appeared by the situation of the skeleton, that 
the animal had been sunk with its hind feet in the 
mud and water, and unable to extricate itself, had 
fallen on its right side, and in that situation was 
found and killed as above described, consequently 
the hind and fore foot on the right side, were sunk 
deeper in the mud, and thereby saved from the 
effects of the fire; therefore I was able to preserve 
the whole of the hind foot to the very last joint, 
and the fore foot all but some few small bones that 
were too much decayed to be worth saving. Also 
between the rocks that had sunk through the ashes, 
was found large pieces of skin, that appeared like 
fresh tanned sole leather, strongly impregnated with 
the ley from the ashes, and a great many of the 
sinews and arteries were plain to be seen on the 
earth and rocks, but in such a state as not to be 
moved, excepting in small pieces, the size of a hand, 
which are now preserved in spirits. 

Should any doubts arise in the mind of the 
reader, of the correctness of the above statement, 
he can be referred to more than twenty witnesses, 
who were present at the time of digging.! 


some 


Like all the articles in The Presbyterian this 
one was unsigned. The Presbyterian was a full- 


1 The Presbyterian 9 (2): 8, 1839. 
MAY, 1944 
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M. F. 
sized newspaper of two leaves and four pages. 
The fourth page was generally devoted to the 
printing of miscellneous items of scientific and 
general educational interest. 
whole, remarkably 


These were, on the 
well written, and there can 
be little doubt that it was a page to which readers 
with scientific interests looked forward with 
pleasurable anticipation. Be this as it may, in 
July 1839, Benjamin Silliman of New Haven 
reprinted this unsigned article in The American 
Journal of Science and Arts, prefacing it with the 
remark that ‘The following statement is so 
interesting and important that we give it a 
place, although it is deficient in responsibility. 
We request the unknown author to communicate 
with us directly.”’? 

The unknown author does not appear to have 
complied with this request; he seems to have 
been far too busy assorting the recovered bones 
of the animal referred to, and reconstructing it 
from them. Furthermore, Mr. Albert Koch, our 
unknown author, was doing a not inconsiderable 
trade in the fossil bones which he was excavat- 
ing. In 1840 he sold a collection of bones of 
mastodon and other extinct animals to a group 
of members of the American Philosophical So- 
ciety, who in turn presented them to the Society. 
W. E. Horner examined these bones and delivered 
a report on them at a meeting of the Society held 
October 2, 1840.8 

Actually what 
conade County 


Koch had discovered in Gas- 
was, almost certainly, the re- 
mains of neither a mastodon nor a mammoth, but 
those of a ground sloth. It was early in the year 
1840 that Koch unearthed the virtually complete 
skeleton of his 
named the ‘‘Missourium,” 
had 


Tiis he 
after Lie 
the State of 


mastodon. promptly 


fact that it 
found in Missouri (in 
Benton County). 

\t the beginning of the year 1841 Koch pub- 
lished, at St. Louis, Missouri, a pamphlet of six- 
teen pages describing the discovery of a fossil 
mastodon, the ‘‘Missourium.’”* 


been 


? The mammoth (mastodon? eds.). 
irts 36: 198-200, 1839. 

» Note of the remains of the mastodon, and some other 
extinct animals, collected together in St. Louis, Missouri. 
Proc. Am, Philos. Soc. 1 (13): 279-282, 1840. 

‘ Description of the Missourium, or Missouri Leviathan; 
Together with its supposed habits, Indian Traditions con- 
cerning the Location from whence it was exhumed; Also, 
Comparisons of the Whale, Crocodile And Missourium, with 


Am. Jour. Sci. and 


the Leviathan, As described in the 41st chapter of the Book of 


Job. St. Louis, Printed by Chas. Keemle, No. 22 Olive 
Street. 1841. (On the yellow cover of the pamphlet the 
date is printed ‘ 1840."’) 
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Koch's account of his find and his description 
of the skeleton were very well written, and show 
him to have been a collector of some ability and 
keen intelligence. He recognized that the ‘‘ Mis- 
sourium’’ was a mastodon. It was, in fact, an 
excellent specimen of Mastodon americanus, first 
described by Kerr in 1792 as Elephas americanus, 
and subsequently figured by Richard Owen as the 
best preserved example of its kind.® 

In the first edition of his pamphlet nothing is 
said of any human artifacts associated with the 
Gasconade County fossil After ex- 
hibiting his ‘‘Missourium”’ at St. Louis, Koch 
decided to take his prize specimen, together 
with a good part of his collection of fossils, 
to Europe. Before embarking, he appears to 
have exhibited the ‘‘ Missourium”’ at Louisville, 
Kentucky. Here, in the summer of 1841, was 
issued an enlarged second edition of his pamphlet 
containing an account of ‘‘Evidence of Human 
Existence Contemporary with Fossil Animals.’”? 

It is from this pamphlet that we discover that 
Albert Koch and the author of the unsigned 
article in The Presbyterian are one and the same 
person. Because of the importance of this new 
account of his discovery, it is reproduced here 


remains. 


in his own words: 


EVIDENCE OF HUMAN 
WITH 


EXISTENCE CONTEMPORARY 
FosstL ANIMALS 


It is well known by all persons acquainted with 
geology, that it is admitted as a fact, that the 
mastodons, together with the generality of anti- 
deluvian animals, existed and became extinct pre- 
vious to the creation of the race of men; which 
supposition was founded on the fact that no evidence 
of human existence could be traced back to, or 
found with, those antidc‘uvian animals. 
tive cause of this I do not know. 
ever, is that this 
race is, 


The posi- 
My opinion, how- 
want of evidence of a former 
that those relicts of the ancient 
animal world generally, have been found accidentally 
by persons who vere not aware of the importance of 
a minute and critice! examination of the deposits 
disinterred by .hem, and therefore the 


human 


scientific 


5H. F. Osborn. Preboscidea 1: 164. New York, 1936. 
R. Owen. A Hvstory of British Fossil Mammals and 
Birds: 298, fig. 102. London, 1846. 

7A pamphlet of 20 pages, in gray-brown wrappers, with 
a good engraving of the ‘‘Missourium”’ on the front 
wrepper, and the note, ‘Second Edition Enlarged.’”’ The 
pamphlet represents an entirely new printing. The title- 
peve exactly follows the wording of the first edition, with- 
cut any statement of edition or revision, but with the 
place and name of the new publisher, “Louisville, Ky., 
Prentice and Weissinger, Printers, 1841,”’ substituted for 
the old. 














observer was deprived, no doubt, often of the facts 
necessary to be known in order to form correct 
opinions on this subject. In view of this I deem it 
my duty to lay before the world what facts I have 
been able to gather on this interesting subject, which 
will be strong evidence in favor of my belief, that 
there was a human race existing contemporary with 
those animals. 

These facts are as follows: In October, 1838, I 
disinterred the remains of an animal which had 
clawed feet and was of the size of an elephant. 
This deposite was in Gasconade county, Missouri, 
on the shores of the Burbois river. The principal 
part of this animal had been consumed by a fire, 
which fire evidently had not been produced by a 
volcanic eruption, but had been formed and kindled 
mechanically by human hands, as it appeared, for 
the purpose of destroying the before mentioned 
animal, which had been mired here and was unable 
to extricate itself. The particulars of the trans- 
action were as follows: 

A farmer in Gasconade county, Missouri, per- 
ceived for some time a disagreeable taste in the 
water which he used for his household. This water 
was taken out of a clear spring, situated in what is 
usually called a bottom, near his house. For the 
purpose of remedying this evil, he dug around and 
into the spring, thus to be enabled to enclose it 
afterwards as a well. By doing so, he found several 
bones belonging to an animal of unusually large size. 
Some were whole, some in fragments. Also at the 
same time he found a stone knife and an Indian axe. 
This circumstance created some excitement in the 
neighborhood; and these transactions were men- 
tioned to me sometime afterwards by a Mr. Wash, 
who lived in the vicinity. 

On hearing this, I immediately made arrange- 
ments to proceed to the place. On my arrival there, 
in October, 1838, I found the prospects rather dull; 
as the bones which had been dug out of the spring 
were principally destroyed. They had been re- 
moved from their place of embedment without the 
least care, and were of course more or less broken; 
then exposed to the air without any kind of pres- 
ervation being applied to them; and eventually 
what few remained tolerably whole, were broken by 
their curious visitors to ascertain if they contained 
marrow; until the few remaining fragments were 
collected together by an intelligent gentleman by 
the name of Bailey, residing in the neighborhood, 
who presented them to me, and assisted me in my 
further researches. I found nine feet beneath the 
surface a layer of ashes from six to twelve inches in 
thickness, mingled with charcoal, large pieces of 
wood partly burned, together with Indian imple- 
ments of war, as stone arrowheads, tomahawks, Xc. 
&c. Also more than one hundred and fifty pieces of 
rocks, varying from three to twenty-five pounds in 
weight, which must have been carried here from the 
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rocky shores of the Burbois river, a distance of 300 
yards; as there was no rock, stones, or even gravel 
near to be found; and those pieces of rocks taken 
out of the ashes were precisely the same as that 
found on the river, which is a species of limestone; 
these had been thrown evidently with the intention 


of striking the animal. I found the fore and hind 
foot standing in a perpendicular position; and like- 
wise the full length of the leg below the layer of 
ashes, so deep in mud and water that the fire had 
no effect upon them. 

The fore foot of the animal consists of four toes 
and a thumb; each toe has five joints, each last joint 
armed with a claw, or long nail. The thumb has 
two joints; the crown of the foot is composed of four 
bones, joined together, and each connected to a toe. 
On top of this is a thin, round bone, connecting them 
with the shin bones. The construction of this foot 
shows that it possessed much power in grasping and 
holding objects. The hind foot is smaller, and also 
has four toes, with five joints, but has no thumb. 
The crown is entirely different in construction from 
that of the fore foot. A few of the teeth appeared 
to have been broken out by the force of the rocks 
thrown at the head of the animal, and were carried 
some little distance; so that they escaped in a 
measure the violence of the fire, and have all the 
appearance of those of a carniverous animal. 

The second trace of human existence with these 
animals, I found during the excavation of the Mis- 
souri Leviathan. There was embedded immediately 
under the femur, or hind leg bone of this animal, an 
arrowhead of rose colored flint, resembling those 
used by the American Indians, but of larger size. 
This was the only arrow head immediately with the 
skeleton; but in the same strata at a distance of 
five or six feet, in a horizontal direction, four more 
arrow-heads were found; three of these were of the 
same formation as the preceding; the fourth was of 
very rude workmanship. One of the last mentioned 
three was of agate, the others of blue flint. These 
arrow-heads are indisputably the work of human 
hands. I examined the deposite in which they were 
embedded, and raised them out of their embedment 
with my own hands.$ 


In this, the earliest account of the association 
of human artifacts with the remains of fossil 
mammals in North America, we have, oddly 
enough, one of the clearest and best evidences of 
the antiquity of man in North America that has 
ever been published. Yet Koch’s statements 
have nearly always been dismissed as unworthy 
of belief. He has been ridiculed and completely 
shut out of court. None of his critics has ever 
taken the slightest trouble to check any of- his 
findings, although Koch clearly stated where his 





8 Tbid.: 19-20. 
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materials were to be found, even after he had 
sold them. No one has ever examined his state- 
ments by checking them against the findings and 
discoveries of later investigators, discoveries 
which in every detail assist to increase the prob- 
ability that Koch discovered what he claimed to 
have discovered. 

Koch has been quite properly criticized for 
exaggerating the height of his mastodon and the 
lengtn of his ‘‘Hydrarchos”’ (Basilosaurus), and 
of having the imagination of a Baron Munch- 
ausen,® but it does not seem to have occurred to 
anyone that no Munchausen could, without pre- 
vious example to lean upon, have given so ac- 
curate and detailed an account of his findings as 
did Koch.'® 

Koch, who arrived in America from Germany 
in or about 1835, appears to have earned a living 
by collecting fossils and by exhibiting and selling 
the more spectacular examples of his collections. 
He was not a trained scientist, and he made 
numerous errors in reconstructing his fossil ani- 
mals. He was evidently a good publicity man 
and something of a traveling salesman. In view 
of these facts it is not difficult to understand why 
his good faith has been doubted. 

Writing in 1871, five years after the death of 
Koch, P. R. Hoy states that in March 1840 he 
visited the spot on the Pomme de Terre where 
Koch had recently disinterred the skeleton of the 
‘‘Missourium.”’ Here he learned that the scap- 
ula of the ‘‘ Missourium”’ was actually discovered 
at a level of two feet beneath the surface. This 
was sufficiently strong proof of Koch’s ‘want of 
accuracy "’ and “lively imagination”’ to cause the 
gallant gentleman to delay reporting his findings 
until five years after the death of Koch and 
thirty-one years after his original visit!" 

In 1875, James D. Dana examined Koch's 
claims in an article which completely discredited 
Koch and many of his statements. He con- 


*G. P. Merrill. The 
American Geology: 213-215. New Haven, 1924. 
William Berryman Scott, the doyen of 
American paleontologists, with whom the senior author 
recently had the pleasure of discussing Koch's claim to 
have discovered human artifacts, stated that he did not 
see how Koch could possibly have invented the story. 
Professor Scott has himself criticised Koch's fantastic re- 
construction of his fossils, but believes it highly probable 
that the discovery of artifacts in association with the 
remains of mastodon was actually made. For Professor 
Scott's earlier criticism, see his article, ‘‘ American Elephant 


First One Hundred Years of 


10 Pr olessor 


Myths” (Scribners Magazine 1: 469-478, 1887). 
“"P.R. Hoy. Dr. Koch's Missourium. Am. Naturalist 
5: 147-148, 1871. 
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cluded with the words: ‘‘ Taking all things that 
have been reviewed into consideration, I think 
there is sufficient reason for regarding Dr. Koch’s 
evidence of the contemporaneity of Man and the 
Mastodon as very doubtful.’’” 


Earlier the same year, J. W. Foster had pub- 
lished the following important statement on Koch 
and his findings: 


The late Dr. Koch, of St. Louis, who disinterred, 
in the Osage Valley of Missouri, the skeleton of a 
mastodon which now forms so conspicuous a feature 
in the palaeontological department of the British 
Museum, stated that, in connection therewith, were 
found flint arrowheads and remains of charcoal, as 
though the aborigines had attacked and destroyed 
the animal when mired. This statement, at the 
time, was received by the scientific world with a 
sneer of contempt. It was my fortune to be thrown 
in company with Dr. Koch for several days, during 
the last year of his life, and among other things I 
questioned him very pointedly as to the possibility 
of his having been mistaken, when he assured me 
in the most solemn and emphatic manner, that his 
statement was true. He was an indefatigable col- 
lector, and few men in this country, by individual 
effort alone, have been more successful in bringing 
to light so many of the skeletons of the huge animals 
that roamed over the land or swarmed the seas of 
past ages. His knowledge in many branches of 
Natural History was considerable, but not of that 
exact character to bring out important generaliza- 
tions. No one who knew him will question but 
that he was a competent observer, and to deny the 
accuracy of his statement is to accuse him of having 
attempted to perpetrate a scientific fraud. It may 
be said, however, that the scientific opinion of this 
country regarded his statements in about the same 
light as the French geologists did those of M. Boucher 
de Perthes, when he brought out his Antiquities 
Celtiques—that is with absolute distrust; but the 
one lived to see the truth of his observations ac- 
knowledged and their value appreciated; the other 
died with a cloud hanging over his reputation.” 


Dana was familiar with Foster’s appraisal of 
Koch’s veracity, and simply chose a part of a 
sentence to rebut. The issue, he declared, was 
not whether or not Koch was attempting to 
perpetrate a scientific fraud, for science must be 
constantly on guard against the wrong conclu- 
sions of men who are not competent to judge, 
yet who hold honest beliefs. The essential point, 
he argued, was that Koch was a traveling sales- 


2 J.D. Dana. On Dr. Koch’s evidence with regard to 
the contemporaneity of man and mastodon in Missouri. 
Am. Jour. Sci. and Arts, ser. 3, 9: 335-346, 1875. 

13 ].W.Foster. Pre-Historic Races of the United States of 
America: 62. Chicago and London, 1873. 














man who sold entertainment to gullible people, 
exaggerating the magnificence of the skeletons 
that were his stock in trade, and that therefore 
his judgment as to what he had found was not 
to be trusted. 

This is, of course, a fair and sound judgment, 
for it is the tragedy of such men as Koch that 
even when they speak the truth they shall not 
be believed. Bearing this in mind, our task in 
the present paper must be to determine the 
degree which attaches to the probability that 
Koch was speaking the truth. 

From Koch's account it is clear that we are 
dealing with two separate finds of fossil animals 
with which human artifacts were associated. In 
the first case the remains recovered in October 
1838 were, as far as we are able to judge from 
Koch’s description, almost certainly those of the 
ground sloth, Mylodon harlani™ (Gravigrada). 
With the remains were found charcoal, ashes, 
partly burned wood, stone arrowheads, toma- 
hawks, ‘‘&c. &c.,’” and more than 150 rocks at a 
distance of more than 300 yards from the Burbois 
River, the nearest site of the occurrence of any- 
thing resembling such rocks. 

The evidence seems to be indisputable. The 
creature was caught in the mud, and there killed 
and partially consumed by the “Indians,” but 
the stratigraphical evidence is insufficient to 
permit of any age estimate of the deposit in 
which the sloth and the associated artifacts 
were found. 

For the mastodon, discovered early in 1840, 
Koch’s geological evidence is more satisfactory. 
Here it is in his own words: 

THE LOCATION EXCAVATION OF BONES 


AND THE 


The bones were found by me near the shore of 
the river La Pomme de Terre, a tributary of the 
Osage river, in Benton County, in the state of Mis- 
souri, latitude 40 and longitude 18. There is every 
reason to believe that the Pomme de Terre, at some 
former period, was a large and magnificent stream, 
from one-half to three-fourths of a mile in breadth, 
and that its waters washed the high and rocky bluffs 
on either side, where the marks of the rolling surges 
are now perfectly plain: they present a similar ap- 
pearance to that of the Missouri and Mississippi. 
It appears from the different strata, that since the 
Missourium existed, six or seven different changes 
have taken place here, by which the original bed of 


144 Probably the same animal described from Koch’s col- 
lections in 1843 by R. Harlan, ‘‘ Description of the Bones 
of a New Fossil Animal of the Order Edentata’’ (Am. Jour. 
Sci. and Arts 44 (1): 69-80, 1842). 
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the Pomme de Terre was filled with as many dif- 
ferent strata, which are as follows: 

The original stratum on which this former river 
flowed at the time it was inhabited by the Mis- 
sourium, and up to the time of its destruction, con- 
sisted of quicksand; on the surface of its stratum, 
and partly mingled with it, was the deposit of the 
before mentioned skeleton. The next stratum from 
three to four feet in thickness, consisting of a brown 
alluvial soil; in this all the remainder of the skeleton 
was contained, and covered by it. This stratum 
was mixed with a great quantity of vegetable matter, 
and most of this in a wonderful state of preservation; 
but what is still more surprising, all of the vegetable 
remains are tropical or very low southern production. 
They consisted of large quantities of cypress burs, 
wood and bark; a great deal of tropical cane and 
tropical swamp moss; several stumps of trees, if not 
logwood, yet bearing a close resemblence to it; even 
the greater part of a flower of the Strelitzia class, 
which, when destroyed, was not full blown, was 
discovered embedded in this layer; also several stems 
of palmetto leaf, one possessing all the fibers perfect, 
or nearly so. To those who are not acquainted with 
the nature of this plant, it is well to remark, that it 
is not found at present farther north than the 
northern parts of Louisiana. 

The time when the revolution of the earth took 
place, during which this before described animal 
lost its life, was between the 15th of September and 
20th of October, which is proven by the fact just 
mentioned of the cypress burrs being found; from 
which circumstance might be readily inferred, that 
they had been torn by force from their parent stem 
before they had arrived at perfection and were 
involved in one common ruin with the trees which 
bore them, these having been torn up by the roots, 
and twisted and split into a thousand pieces, appa- 
rently by lightning, combined with a tremendous 
tempest or tornado. There is no sign or indication 
of any very large trees, the cypresses that were dis- 
covered being the largest that were growing here 
at the time. 

Through this stratum ran several veins of iron 
ore—sufficient evidence of the antiquity of this de- 
posite. Immediately over this was one of blue clay, 
three feet in thickness; the next was one of gravel 
9 to 18 inches in thickness, so hard compressed to- 
gether that it resembled pudding stone; the next 
was a layer of giant blue clay, from 3 to 4 feet in 
thickness; on this was another stratum of gravel, 
of the same thickness and appearance of the first 
one mentioned; this was succeeded by a layer of 
yellowish clay, from 2 to 3 feet in thickness; over 
this, a third layer of gravel, of the same appearance 
and thickness; and, at last, the present surface, con- 
sisting of a brownish clay, mingled with a few 
pebbles, and covered with large oak, maple and elm 
trees, which were as near as I, could ascertain, from 
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80 to 100 


mentioned deposite was 


years old. In the above 


the centre of 
a large spring which ap- 
peared to rise from the very bowels of the earth, as 
it was never affected by the severest rain, nor did 
it become lower by the longest drought. 

\bout 200 yards from the said deposite stands 
a singularly formed rock, which not only bears the 
appearance, but can be considered as a monument 
formed by nature, against whose 
rough and rugged sides can be distinctly traced, in 
deep and furrowed lines, the former course of angry 
waters; yet its summit is full 30 feet above the 
level of the Pomme de Terre. The rock 


has the appearance of a pillar, on whose top rests a 


of great antiquity, 


present 


table rock far projecting over on every side; from 
the base of the pillar to the lower edge of the table 
is 30 feet, and from the base down to the de posite ot 
the bones is 16 feet—making, from the stratum on 
which the bones were deposited to the edge of the 
table 46 feet. 

By a minute and close examination, I found that 
the formation of said rock, as it now 
produced by 


appears, was 
long action of the river against and 
around it; and had the river continued to act with 
the same force for one or two hundred years longer, 
the pillar would have been so far worn away, that 
the table must have fallen. It stands as an 
indisputable witness, that the water, at the time 


these animals existed, was at least 46 feet deep." 


now 


the 


bones 


seem that 
with the 
of the mastodon were recovered from a deposit 
which was laid down in the late Pleistocene. 

It will be noted that this account has been 
reprinted from the third edition of Koch’s pam- 
phlet, published at London in 1841. Koch ap- 
pears to have arrived in London in November or 
December of that year, but before that he had 
left Louisville to exhibit 


this account it would 


found in 


rom 


artifacts association 


his collection of fossils 
at Philadelphia, where those who saw it included 
a number of scientific men. At a meeting of 
the American Philosophical Society, October 1, 
1841, ‘‘Dr. Hays invited the attention of the 
Society to a very extensive and highly interesting 
collection of fossil bones, chiefly of the Mastodon, 
recently brought to this city by Mr. Albert Koch, 
of St. Louis.’"'® At the meeting of the Society 
held October 15, 1841, Dr. R. Harlan drew atten- 
tion to the fact that ‘‘ There is now exhibiting at 
the Masonic Hall in Philadelphia, one of the most 
extensive and remarkable collections of fossil 
bones of extinct species of mammals which have 


® Albert Koch. Description of the Missourium, or Mis- 
sourt Leviathan, and a Catalogue of the Whole Fossil Collec- 
tion. Third edition enlarged, pp. 11-13. London, 1841. 
16 Proc. Am, Philos. Soc. 2 (19): 102, 1841. 
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hitherto been brought to light in this country, a 
gratification for which our Scientific community 
will acknowledge themselves indebted to the 
perseverence of the enterprising proprietor, Mr. 
Albert Koch of St. Louis, Missouri.”” Very 
gently Harlan pointed out some of the grotesque 
errors committed by Koch in the articulation of 
the bones, adding that ‘‘no doubt’’ Koch’s 
‘ulterior researches would enable him to rectify 
these.”"!7 

From Koch’s collection Harlan described part 
of the fossil remains of an animal which was 
undoubtedly a ground sloth, Myloden harlani,'® 
and. probably identical with that referred to by 
Koch in his pamphlet of 1841. 

Hays classified Koch’s mastodon as belonging 
to the genus Tetracaulodon. This, as was later 
shown, was a nomenclatural error. Tetracaulo- 
don was a name applied to mastodons with small 
tusks in the lower jaw, a valid morphological 
distinction. It was, however, later proved to be 
but the normal juvenile condition, or a normal 
variation, in Mastodon, thus making Tetracaulo- 
don a synonym of Mastodon. 


II 


Shortly after his arrival m London, Koch made 
arrangements to exhibit his collection of fossils 
at Egyptian Hall in Piccadilly. The exhibit was 
probably opened to the public shortly before 
Christmas, and proved an immediate success, 
being continued well into the year 1843, when 
the mastodon and some of the other fossils in 
the collection were purchased by the authorities 
of the British Museum. But this is to anticipate. 

For sale at the Hall Koch printed an enlarged 
version of his pamphlet, adding to it a catalogue 
of the fossil bones exhibited together with the 
mastodon.!® 

Koch’s specimen of the mastodon was the 


17 R. Harlan. Description of the bones of a new fossil 
animal of the order Edentata. Am. Jour. Sci. and Arts 
44 (1): 69-80, 1842. 

18 Oliver P. Hay. The Pleistocene of the Middle Region of 
North America and its Vertebrated Animals: 4. Carnegie 
Institution Washington Publ. 322A, 1924. In Koch's 
collection there were also remains of another ground sloth, 
Megatherium. See Harlan, op. cit. 

1° The title-page of this edition follows the wording of 
the second edition, with the addition, after the words 
‘Missouri Leviathan,” of the words ‘‘ And a Catalogue of 
the Whole Fossil Collection. Third Edition Enlarged. 
London: E. Fisher, Printer, 33, Cannon Street, City, 
1841."" There are 24 pages, including the covers, the 
catalogue occupying pp. 3-6. 
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finest example of its kind ever to have been 
exhibited in England, and scientists were very 
naturally much interested in viewing it. Ric¢h- 
ard Owen, the distinguished palaeontologist and 
anatomist, was among the first to make a study 
of the skeleton, and on February 23, 1842, read 
a memoir on it before the Geological Society of 
London.?° 

Owen commenced his paper with some remarks 
on the manner in which the Missourium was set 
up, and after pointing out certain mistakes, ‘‘as 
well as the readiness with which Mr. Koch, the 
proprietor, corrected an error respecting the first 
pair of ribs,” he gave it as his opinion that the 
Missourium was a male of the species Mastodon 
giganteum. 

While making several comments on the re- 
mainder of Koch’s fossil collection, Owen was 
completely silent on the former’s account of 
the associated human artifacts. 

Koch did not agree with Owen’s conclusions, 
and on April 6, 1842, read a paper before the 
Geological Society defending the position that 
the Missourium belonged to a distinct genus, 
namely, Tetracaulodon.*: This is the conclusion, 
it will be recalled, at which Hays of Philadelphia 
had arrived. 

On an independent examination of the evi- 
dence Dr. James Grant, in June of the same year, 
came to the support of Koch and Hays, stating 
that the Missourium should be recognized as 
belonging to the species Tetracaulodon kochi.” 

In the same issue of the Proceedings of the 
Geological Society, Alexander Nasmyth pre- 
sented a report on the microscopic structure of 
the tusks of the Missourium.”* 

In 1843 Owen’s article of the preceding year 
was reprinted in the Annals and Magazine of 
Natural History. 

Sometime during 1843 Koch took his collec- 


20 R. Owen. Report on the Missourium now exhibiting 
at the Egyptian Hall, with an inquiry into the claims of the 
Tetracaulodon to generic distinction. Proc. Geol. Soc. 
London 3, pt. 2 (87): 689-695, 1842. 

214. Koch. On the genus Tetracaulodon. 
Soc. London 3, pt. 2 (87): 714-716, 1842. 

22]. Grant. On the structure and history of the masto- 
dontoid animals of North America. Proc. Geol. Soc. 
London 3, pt. 2 (90): 770-771, 1842. 

*% A. Nasmyth. On the minute structure of the tusks of 
extinct mastodontoid animals. Proc. Geol. Soc. London 3, 
pt. 2 (90): 775-780, 1842. See p. 779. 

24R. Owen. Report on the Missourium now exhibiting 
at the Egyptian Hall with an inquiry into the claims of 
the Tetracaulodon to generic distinction. Ann. and Mag. 
Nat. Hist. 11: 147-153, 1843. 
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tions to Ireland where they, together with the 
Missourium, were exhibited at Dublin. Here 
appeared the ‘‘Fifth edition, enlarged,”’ of his 
pamphlet together with a new title-page and a 
completely rewritten and revised text.** In the 
“Preface,” added to this edition, Koch writes 
(p. 2): ‘* Previous to my commencing this Trea- 
tise, I wish particularly to mention, that I have 
not only devoted the greater part of my life to 
the theoretical study of Natural History, but 
have also made myself intimately acquainted 
with the practical part of it.”’ 

There is good reason to believe that this boast 
was somewhat of an overstatement. 

Late, probably, in 1843 Koch packed up once 
more and took a good part of his collections to 
Europe, this time heading straight for Berlin. 
Here his collection aroused considerable interest, 
and, doubtless in order to satisfy some of this 
interest, he prepared a book, which, however, was 
not published until 1845.76 

In this volume Koch discusses the subject of 
prehistoric life in general and the Missourium in 
particular, while no less than 46 pages are de- 
voted to the description and discussion of his 
discovery of human artifacts together with the 
remains of the mastodon (pp. 53-99). 

Meanwhile, in May 1844, Koch packed up his 
fossil collection, having previously disposed of the 
mastodon and some other fossils to the British 
Museum, and returned to America. It is said 
that he received for the skeleton a sum of 
$2,000 outright, and an annuity of $1,000 a year. 
He drew the annuity for twenty-six years, until 
his death at St. Louis in 1866.27. Immediately 


25 Description of the Missourium Theristocaulodon (Koch), 
or Missouri Leviathan, (Leviathan Missouriensis,) together 
with its supposed habits, and Indian Traditions; also, com- 
parison on the Whale, Crocodile, and Missourium, with the 
Leviathan, as described in the 41st Chapter of the Book of Job; 
by Albert Koch. Printed by C. Crookes, 87 Chapel Street, 
Dublin: 28 pp., 8°, 1843. Wedgewood blue wrappers, on 
the front of which there is a wood (?) engraving of the 
Missourium, beneath whose ribs there stands an Indian 
with spear in hand. To the right, for comparison, there is 
figured an Indian elephant complete with mahout. 

26 Albert C. Koch. Die Riesenthiere der Urwelt oder das 
neuentdeckte Missourium Theristocaulodon (Sichelzahn aus 
Missouri) und die Mastodontoiden im Allgemeinen und 
Besondern, nebst Beweisen, das viele, uns durch ihre Ueber- 
reste bekannt gewordene Thiere nicht priadamitisch, sondern 
Zeitgenossen des Menschengeschechts waren. Berlin, Verlag 
von Alexander Duncker: vii+99, 8 pl., 1845. 

27 [Information kindly supplied by Dr. Harold A. Bulger 
of the School of Medicine of Washington University and 
Librarian to the Academy of Natural Sciences of St. Louis. 
But see Dana, this paper, p. 415. 
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after his return to America he set out again upon 
his fossil-collecting travels. In 
March 1845, he discovered 
“gigantic fossil reptile,” 
‘*Hydrarchus.” 


Alabama, in 
what he called a 
the ‘‘Hydrargos”’ or 
This, as we learn from the pam- 
phlets published by him, was exhibited in New 
York during the summer of 1845.28 The exhi- 
bition was held in the Apollo Rooms on Broadway 
and attracted a considerable amount of attention 
from both the public and the press. Here, too, 
among other things, Koch exhibited the arrow- 
head which he had discovered with his first fossil, 
and this, in particular, drew expressions of the 
greatest interest from the press. The edition of 
Koch's pamphlet describing the ‘‘Hydrarchus”’ 
was soon exhausted, and a second edition with a 
significantly new title-page was issued at once.*® 

The substitution of Harlan’s name for that of 
Silliman for the “‘species”’ of his ‘‘ Hydrarchus”’ 
was a admission of the fact that this 
was in reality a fossil cetacean 
earlier named by Harlan, from the remains of a 
very incomplete specimen, Bastlosaurus cetoides. 
Owen had described a specimen as early as 1832 
under the name Zeuglodon, while the specimen 
described by Harlan was discovered by S. B. 
Buckley in 1842. Three long and interesting 
discussions of the exhibition at the Apollo Rooms 
or Saloon are reprinted at the end of this pam- 
phlet, respectively from the New- York Dissenter, 
the New-York Evangelist, and the New-York 
Morning News. 


‘tacit ”’ 


' $ea-serpent 


On the title-pages of these pamphlets it will be 
observed that Koch is for the first time referred 
to as ‘‘Doctor.”’ Whether Koch arrogated this 

*8 FT ydrargos, or Great Sea Serpent of Alabama, 114 feet in 
length, 7,500 lbs. weight, Now exhibiting at the A pollo Saloon, 
410 Broadway. Admittance 25 cents.—Description of the 
Hydrargos Sillimanti (Koch). A Gigantic fossil Reptile, 
or Sea Serpent: lately discovered by the author in the State 
of Alabama, March 1845. Together with some geological 
observations made on different formations of the rocks during 
a geological tour through the Eastern, Western and Southern 
parts of the United States, in the years 1844-45 ; by Doctor 
Albert C. Koch, Corresponding Member of the Societies 
of Halle, and Dresden, &c. New York: 16 pp., 8°, 1845. 

2® Description of the Hydrarchos Harlani, (Koch,): (The 
name Sillimanii, is changed to Hariani, by the particular 
desire of Professor Silliman.) A Gigantic Fossil Reptile: 
Lately discovered by the Author, in the State of Alabama, 
March, 1845. Together with some geological observations 
made on different formations of the rocks, during a geological 
tour through the Eastern, Western, and Southern parts of the 
United States, in the years 1844-1845. By Doctor Albert 
C. Koch. Corresponding Member of the Societies of 


Halle, and of Dresden, &c. Second Edition, New-York: 
24 pp., 8°, 1845. 
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title unto himself or whether it was conferred 
upon him, we do not know. 
‘Before leaving Germany to 
United States, Koch sold a good part of his 
collection of fossils to the Royal Museum of the 


return to the 


University of Berlin. With these fossils Koch 
also sold some of the artifacts and other mate- 
rials he had recovered together with the bones of 
the mastodon. 

Sometime during the exhibition of the skeleton 
of ‘‘Hydrarchos’’ on Broadway in New York, 
Jeffries Wyman examined the grotesque recon- 
struction and published his report on it in 
November of the same year.*° 

Wyman showed that the ‘‘Hydrarchos’’ was 
not a reptile but a mammal, and that the re- 
mains belonged to more than one animal. Parts 
of the paddle were not bones but the casts of the 
cavities of a camerated shell, a species of Nau- 
tilus. It was a repetition of such errors which 
served to bring Koch into disrepute among 
scientists. This specimen was subsequently de- 
stroyed in the great fire of Chicago. 

While Wyman was reading his paper on the 
‘‘Hydrarchos”’ to the Boston Society of Natural 
History, Koch was exhibiting the subject of that 
paper in Boston itself. Here it was that Charles 
Lyell saw it in October 1845. He writes: 


During the first part of my stay in Boston, October, 
1845, we one day saw the walls in the principal 
streets covered with placards, in which the words 
SEA SERPENT ALIVE figured conspicuously. On 
approaching near enough to read the smaller type of 
this advertisement, I found that Mr. Koch was about 
to exhibit to the Bostonians the fossil skeleton of 
“that colossal and terrible reptile the sea serpent, 
which, when alive, measured thirty feet in circum- 
ference.’’ The public was also informed that this 
hydrarchos, or water king, was the leviathan of the 
Book of Job, chapter xli.*! 


Lyell adds that ‘‘in the opinion of the best 
comparative anatomists’’ Koch’s hydrarchos was 
no snake but a cetacean. Later in his book 
Lyell records, under date of February 4, 1846, a 
visit to the exact spot, 45 miles southwest from 
Clarkesville, Alabama, where Koch disinterred a 
portion of the skeleton of the hydrarchos, and 
mentions that portions of the vertebral column 
‘‘were procured in Washington county, fifteen 


0 J. Wyman. Hydrarchos Sillimani. 
Nat. Hist. 2: 65-68, 1845. 

%t Charles Lyell. A Second Visit to the United States of 
North America, vol. 1. London: 131-132; 1849; New 
York: 107-108, 1849. 


Proc. Boston Soc. 
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miles distant in a direct line from this place, 
where the head was discovered.’ 

In a letter to Benjamin Silliman, Jr., dated 
February 4, 1846, Lyell repeats these details.* 

In 1846, James D. Dana, in his editorial 
capacity, wrote a devastating account of Koch’s 
‘“Hydrarchos”’ in The American Journal of Sci- 
ence, to which he added some remarks on the 
‘“Missouri Leviathan,” stating, among other 
things, that ‘‘the trustees of the British Museum 
paid the owner £1000 sterling (not ‘£2000’) for 
this skeleton, and £300 additional for some ac- 
companying bones. This we know from the 
very best authority.’’™ 

Early in 1846 Koch, together with his ‘‘ Hydr- 
archos’’ and other specimens, sailed for Germany. 
Here he exhibited in Berlin and later in Dresden. 
In the latter city the ‘‘Hydrarchos”’ attracted 
the attention of the great anatomist C. G. Carus, 
why», having made a study of it, published a 
monograph on the specimen in 1847.%5 

Among the prize exhibits in Koch’s collection 
at Berlin was the ‘‘Hydrarchus,”’ an enormous 
fossil cetacean (actually Basilosaurus cetoides). 
It is, almost certainly, this skeleton which, it is 
said, Koch sold for a yearly pension of 1,000 
Reichstalern to King Frederick Wilhelm IV for 
the anatomical collection of the Royal Museum 
in Berlin. This skeleton consisted of the remains 
of at least five individual cetaceans of at least 
two genera (but mostly Bastlosaurus) besides 
some wholly extraneous bits. The surviving 
parts are in the University of Berlin. 

In 1847 Koch published a volume describing 
his travels in the United States during the years 
1844 to 1846.*® 

By the end of July 1847 Koch was once again 
back in the United States in search of the remains 
of another ‘‘Hydrarchos.”’ By February 1848 he 
had succeeded in recovering the fossil remains of 
several specimens in Washington County, Ala- 

82 [bid. 2: 74-75. 


33 Am. Jour. Sci., ser. 2, 1: 313, 1846. 
% [James D. Dana.] ‘‘Zeuglodon Cetoides”’ and ‘‘ Mas- 


todon Giganteus.”” Am. Jour. Sci., ser. 2, 2: 129-133, 
1846. 
%C.G. Carus. Resultate geologischer, anatomischer und 


zoologischer Untersuchungen tiber das unter dem Namen 
Hydrarchos von Dr. A. C. Koch zuerst nach Europa gebrachte 
und in Dresden ausgestellte grosse fossile Skelett. Dresden 
und Leipzig, Arnoldische Buchhandlung: vii+16, 7 pl., 
folio, 1847. 

36 A. C. Koch. Reise durch einen Theil der Vereinigten 
Staaten von Nordamerika in den Jahren 1844 bis 1846. 
Dresden und Leipzig, Arnoldische Buchhandlung: 162 pp., 
8°, 1847. 
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bama. Early in 1849, Koch, who had by now 
practically become a trans-Atlantic commuter, 
was in Dresden exhibiting his finds to the public, 
and telling that same public something about the 
American Indian and his relations with the 
whites.*? 


Ill 


We do not encounter Koch again until the 
year 1853 when he appears to have been on tour 
with his friend ‘‘Hydrarchos.’’ At New Orleans 
in that year he published a pamphlet describing 
the creature.*® 

Evidently Koch was still traveling around the 
country exhibiting his startling specimens of 
prehistoric life. But shortly after this, Koch re- 
turned to St. Louis where he seems to have 
settled down to a more tranquil existence. Here 
Koch joined the newly founded Academy of 
Science of St. Louis where, on January 26, 1857, 
he was appointed Chairman of the standing com- 
mittee on Comparative Anatomy. On the same 
day Koch, possibly feeling that insufficient at- 
tention had been paid to his discovery of the 
association of human artifacts with the remains 
of fossil mammals, read an important paper on 
the subject.*® 

In describing the artifacts found with the 
remains of the ground sloth, Koch adds some 
interesting new evidence. He writes: 


The two arrow-heads found with the bones were 
in such a position as to furnish evidence still more 
conclusive, perhaps, than in the other case, of their 
being of equal if not older date, than the bones 

37 Kurze Bemérkungen tiber die aus mehreren Arten 
bestehende Familie der Hydrarchen, der gréssten und ge- 
waltigsten Raubthiere der Urwelt. Nebst einigen Worten 
tiber die Auffindung des grossen, zu jener Familie gehérenden 
Zeuglodon, welches 1848 vom Verfasser in Alabama gefunden 
und von da zuerst nach Dresden gebracht wurde. Mit einer 
Zweiten Abtheilung, enthaltend: einige in méglichster Kiirze 
erzhdlte Kampfscenen der Indianer mit den Weissen An- 
siedlern Amerika’s. Von Dr. Albert C. Koch. Dresden, 
Druck der Kénigl. Hofbuchdruckerei, von C. C. Meinhold 
und Sdhne: 32 pp., 8° [1849]. 

38 Description of the Family of Animals now Extinct, but 
Known to the Scientific World under the Appellation of 
Hydrarchen. By Dr. Albert Koch. New Orleans: Printed 
at the Office of the Daily True Delta, 1853. A pamphlet of 
16 pages, including the most interestingly spectacular pink 
wrappers, on which, among other things, is printed that 
part of the 41st chapter of Job which refers to the 
Leviathan. 

39 A. C. Koch. Mastodon remains, in the State of 
Missouri, together with evidences of the existence of man 
contemporaneously with the mastodon. Trans. Acad. Sci, 
St. Louis 1: 61-64, 1857. 
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were found in a 
was covered by 
feet in thickness of alternate layers of sand, 
clay and gravel, one of the arrow-heads lay under- 
the the skeleton, the bone 
actually resting in contact upon it; so that it could 
not have been brought thither after the deposit of 
the bone; a fact which I was careful thoroughly to 
investigate. 


themselves; for, besides that they 


layer of 


vegetable mould which 


twenty 


neat! thigh-bone of 


was some 


This layer of vegetable mould five or 
thick, and the arrow-heads and bones were 
found, not upon its surface but deeply buried in it, 


together with fragments of wood and roots and logs 


Six feet 


and cones of cypress; but no pebbles were observed 


Above this layer of mould there were six un- 
disturbed 


in it 
viz., 
three of greyish clay, and three of pebbly gravel 
mixed with coarse sand; in all, twenty feet in thick- 


ness; 


layers of clay, sand, and gravel, 


and a forest of old trees was standing on the 


surface soil [his bottom is still subject to occa- 
sional overflow, in very high stages of water. 

If we which these river 
bottoms have been formed, as it has been admirably 


illustrated by Prof. 
Missouri),“° the layers of vegetable mould appearing 
to have been formed at the bottom of lakes, or in 


consider the manner in 


Swallow (Rep. of Geol. Sur. 


swampy depressions, left filled with water on the 
retiring of great overflows, or on a change of the 
bed of the river, at distant periods of time, and that, 
in these lakes and depressions, a deposit, at first, of 
clayey sediment, and then, of decaying vegetable 
matters, gradually considerable 


depth, before another overflow covers the whole, 


accumulates to a 


again, with layer of sand and gravel, it would seem 
necessarily to be inferred, that this animal must 
have perished in such a lake, or swamp, and that 
his skeleton, being thus quietly deposited, was slowly 
covered over in the course of the gradual formation 
of the vegetable layer, and that it could not have 
been drifted by the high waters of the river from 
another and older position to be re-deposited upon 
the arrow-head at a period later than that in which 
the Mastodon lived." 


Dr. A. Wislizenus, president of the Academy, 
was quite unconvinced by Koch’s account of his 
findings, and on March 8, 1858, read a paper in 
which, by a now familiar means, he attempted to 
explain away Koch's arguments and evidence.” 
Dr. Wislizenus’ paper could well serve as the 
type specimen of the attitude which is defined 
in the expression ‘I’m from Missouri!” 


© G. C. Swallow. The First and Second Annual Reports 
of the Geological Survey of Missouri. Jefferson City, 1855. 
" Koch, op. cit.: 63-64. 


2 A. Wislizenus 


mastodon? 


Was man contemporaneous with the 


Trans. Acad. Sci. St. Louis 1: 168-171, 1858. 
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At the meeting of the Academy held on April 
5, 1858, Koch made the following reply: 
Dr. Koch stated, in relation to the bones of 
Mastodon discovered by him in Gasconade Co., in 
1839, and referred to by Dr. Wislizenus in the paper 
read by him, at a late meeting of the Academy, that, 
at the time when he made the discovery alluded to, 
he had been fully aware of its importance, and, ac- 
cordingly, had taken care to preserve all the bones, 
(of which fact Dr. W. seemed not aware,) as well 
those which were partially burned as those which 
were unburnt; all the weapons and other objects 
mentioned in his published paper, consisting of two 
stone axes, several stone spears, and arrow-heads, all 
bearing evidence of the action of fire; and, also, por- 
tions of the wood cinders, charcoal, and ashes, 
samples of the clay in which the animal had been 
mired, and of the black alluvium by which the bones 
had been covered afterwards,—and that they were 
now in the Royal Museum of the University of 
Berlin, person might examine them. 
They had been exhibited, soon after their discovery 
and exhumation, in St. Louis, in Philadelphia, and 
in London, where they had attracted the attention 
of the late Drs. Harlan and Morton, Sir Charles 
Lyell, and other distinguished scientific gentlemen. 

Concerning the arrow-head lying underneath the 
femur of the Mastodon, in Benton Co. Mo., he 
would further state, that the place where the arrow- 
head had come in contact with the bone could still 
be discriminated by its greater whiteness, the re- 
mainder of the bone’s surface being of a brownish 
color. Dr. K. exhibited a profile section of the 
deposits cut through in the excavation at this lo- 
cality. He further, that, so far as he 
knew, only five skeletons of M. giganteus had thus 
far been discovered, the bones of which had not 
been so far separated and scattered as to preclude 
their being brought together again and arranged so 
as to form a completely articulated skeleton. Of 
these five, one had formerly been exhibited at Peale’s 
Museum, in Philadelphia; there was one in Balti- 
more; one on the continent of Europe; the skeleton 
found in Benton Co., Mo. (now in London): and, 
lastly, that of the late Dr. John C. 
Boston, Mass.“ 


where any 


observed 


Warren, in 


It will be observed that in his reply Koch 
refers to the remains of the animal found at 
Gasconade County in ‘'1839” as belonging to 
a mastodon. The description he gave of those 
remains fits the ground sloth, and by no stretch 
of the imagination can it be made to fit the 
mastodon. This is one contradiction which 
has escaped Koch's critics. It may possibly be 


‘8 Journal of the Proceedings, April 5, 
Acad, Sct. St. Louis 1 (2): 116-117, 1860. 


1858. Trans. 














reconciled if we assume that to Koch a ground 
sloth was as good as a mastodon! 
Rising to the support of Koch: 


Mr. [N.] Holmes remarked, touching this subject, 
that he did not agree with Dr. Wislizenus that it 
could be considered ‘‘a hasty and thus far unwar- 
ranted supposition that Man had existed contem- 
poraneously with the Mastodon.”’ Norcould the M. 
giganteus be considered as an ante-dilu vial rather 
than a post-diluvial animal. Properly speaking, 
there had been no such geological era as a diluvial 
period. Diluvium or marine drift and alluvium or 
fresh-water drift had been common to all geological 
periods since there had been land above water. 
This subject had been amply illustrated by Prof. 
Hitchcock (Surface Geol.*). Prof. R. Owen, of 
London, had expressed the opinion (Brit. Fos. Mam.) 
that it was negative evidence only that excluded 
Man from the Pliocene fauna of the British Isles.*® 
Pictet had considered the question to be: What 
animals inhabited Europe when Man first appeared 
there, and thence, at what geological epoch his 
origin was to be placed? And this learned author 
(Trait. de Palé., Vol. 1.), admitting with other Palae- 
ontologists, that there were, as yet, no positive proofs 
of the existence of Man, in Europe, during the Older 
Pliocene, nor as early as the great northern boulder 
drift of the Newer Pliocene, had nevertheless con- 
cluded, that Man had established himself in that 
country but a short time after that drift, the con- 
tinent not having been wholly submerged; that these 
first inhabitants saw the cavern bears, elephant, 
rhinoceros, and other animals of the Older Pliocene 
age, which became extinct in Europe in the Newer 
Pliocene; and that some of them were the victims 
of the same inundations which had filled the caverns 
with the bones of these animals, human bones having 
been found mingled together with them in the same 
deposits and caves, rolled and water-worn in like 
manner, and in the same altered condition of their 
texture. And this would seem to be conclusive of 
their contemporaneousness.‘® In America, the Rhi- 
noceros had not been found in deposits later than 
the Miocene, nor the M. giganteus in deposits earlier 
than the Post-Pliocene; and this age was later than 
the cavern epoch. Prof. F. S. Holmes of Charleston, 
S. C., had lately established that not only the tapir, 
peccary, racoon, opossum, deer, elk, and musk-rat, 
of species still living, but some domestic animals, also, 
as the horse, sheep, hog, and ox, which (so far as 
positive evidence went) became extinct before the 


“E. Hitchcock. Illustrations of surface 
Smithsonian Contr. Knowledge 9: 1-155, 1857. 


*R. Owen. A History of British Fossil Mammals and 
Birds: xxxii. London, 1846. 


46F. J. Pictet. Traité eléméntaire de paléontologie ou 


geology. 


histoire naturelle des animaux fossiles: 119-124. 
1844. 
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arrival of the white race in America, were con- 
temporaries with the Mastodon, Megatherium, and 
Megalonyx, on this continent, in the time of the 
Post-Pliocene deposits of South Carolina; and in this 
conclusion he had the concurrence of Agassiz. It 
was very certain that neither the entire surface 
drained by the Mississippi, nor the whole southern 
portion of the United States, had been submerged 
under the ocean, since the Post-Pliocene era, so as 
to cut off the stream and succession of mammalian 
life. 
Professor Holmes had further expressed the 
opinion, that although “it has been acknowledged 
that the mastodon, megatherium, elephant, glyp- 
todon, and two species of Equine genera, etc., are 
entirely extinct, yet the discoveries made of the re- 
mains of even some of these would indicate that they 
still existed at a period so recent, that, in the language 
of Prof. Leidy, ‘‘it is probable the red man witnessed 
their declining existence.’’-—(Post-Pliocene Foss., 
1858).47 It was not the purpose of Mr. H. to allude 
to the proofs, that existed, of the contemporaneous- 
ness of Man and the Mastodon on this continent, but 
merely to observe, that the :esearches of eminent 
Geologists seemed, thus far, to have furnished no 
scientific ground of objection by way of antecedent 
improbability against the hypothesis.** 


A novel attempt to explain away Koch's find- 
ings was made in 1875 by Dr. Edward Andrews, 
then Professor of Surgery in the Chicago Medical 
College. Taking courage from Dana’s article he 
cites the testimony of Hoy against Koch, and 
then points out that “it is a very common thing 
in very dry seasons for a peat-bed to be acci- 
dentally set on fire and completely burned up. 

The skeleton in Gasconade County may 
have been scorched in this way.’’*® 

So ends the story of the earliest account of the 
discovery of human artifacts in association with 
the remains of fossil mammals in North America. 

Neither in America nor in Europe was there 
apparently sufficient real interest in the possible 
contemporaneity of man with extinct mammals. 
Though several distinguished scientists like 
Owen, Pictet, and others, had unequivocally 
given it as their opinion that such an associa- 
tion was more than likely, and Owen had gone 


47F,. S. Holmes. Remains of Domestic Animals Dis- 
covered Among Post-Pleiocene Fossils in South-Carolina. 
Charleston, S. C., 1858, p. 13, quoting from Leidy’s letter, 
dated Feb. 10, 1857, published in J. C. Nott and G. R. 
Gliddon, Indigenous Races of the Earth. Philadelphia, 
1857. 

48 Journal of the Proceedings, April 5, 1858. 
Acad. Sci. St. Louis 1 (2): 117-118, 1860. 

49E. Andrews. Dr. Koch and the Missouri mastodon. 
Am. Jour. Sci. and Arts, ser. 3, 10: 32—34, 1875. 


Trans. 
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so far as to quote a French parallel to Koch's 
example—without, any reference to 
the latter—of such an association, and had even 
given his assent to it,®° 


however, 


no one of Koch's con- 
temporaries sought to inquire further into his 
important discovery. Benjamin Silman had 
made an effort to learn something more of Koch’s 
discovery, the importance of which he seems at 
once to have understood, but he was apparently 
prevented from proceeding further for the good 
reason that no response appears to have been 
forthcoming to his inquiry, and he evidently 
failed to see Koch’s pamphlets. It would also 
appear almost certain that Koch did not see 
Silliman’s appeal to him in The American Journal 
of Science and Arts until years later, for Koch 
would most assuredly not have failed to answer 
that appeal in good time had he seen it. 

No doubt Koch had his private supporters, 
but in the public world of science, with the ex- 
ception of the well-informed Mr. Holmes of St. 
Louis,-he seems to have had very few. Since 
Koch's original announcement of 1839 much 
evidence has accumulated which in every way 
tends to corroborate the findings and inferences 


°° Owen wrote: “There is evidence that the great Bos 
primigenius, and the small Bos longifrons, which date, by 
fossils, from the time of the Mammoth, continued to exist 
in this island after it became inhabited by man.’ And 
in a footnote adds: “ Both the Urus (Bos primigenius) and 
the Bison priscus appear to have been contemporary with 
Man in the North of continental Europe. Their skeletons 
have been found, with that of a large variety of Rein-deer 
which existed in Germany in the time of Tacitus, in a bog 
in Scania by Professor Nillson, and are preserved in the 
Museum at Lund. My friend Mr. Murchison writes to 
me: ‘This Urus is most remarkable in exhibiting a wound 
of the apophy sis of the second dorsal vertebra, apparently 
inflicted with a javelin of one of the aborigines, the hole 
left by which (offering its larger orifice towards the head 
of the Ox, and the smaller orifice towards its rump), was 
exactly fitted by Nillson with one of the heads of the an- 
cient stone javelins collected and described by that ex- 
cellent Naturalist, in his Work, entitled Skandinaviska 
Norden's Ur-Invoandre, Lund, 1843. Thisinstrument frac- 
tured the bone and penetrated to the apophysis of the 
third dorsal vertebra, which is also injured. The fractured 
portions are so well cemented that Nillson thinks the ani- 
mal probably lived two or three years after. The wound 
must have been inflicted over the horns, and the javelin 
must have been hurled with prodigious force.’ 

“I am much disposed to assent to this interpretation 
of the wound of the great extinct Ox. It is hard to con- 
ceive how such a wound could have been inflicted by the 
horn of another Urus; but, in interpreting these evidences 
of primeval hostility, the combative instincts and pointed 
weapons of the Ox and Deer-tribe, are always to be taken 
into account.” (Richard Owen. A History of British 
Fossil Mammals and Birds: xxxiii. London, 1846.) 
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of Koch establishing the contemporaneity of 
man, ground sloth, and mastodon in North 
America. 

In 1846, some seven years after Koch’s dis- 
covery, there was found at Natchez, Mississippi, 
part of a human pelvic bone together with the 
remains of the ground sloth, mastodon, and other 
extinct animals. Though not completely sub- 
stantiated, the claim remains probable.*' The 
best substantiated discoveries, for the most part, 
belong to the present century. Reference may 
be made, to name but a few, to the discoveries at 
Potter Creek Cave, California, in 1904; at Vero, 
Florida, in 1915; and at Melbourne, Florida, in 
1923. In all these cases human artifacts were 
found together with the remains of ground sloths 
and mastodon, while at Vero some human bones 
were actually found associated. 

In 1935 J. T. Sanford described a find of 
mastodon remains in association with human 
artifacts. The find was made in the fall of 
1930 some 24 miles SE. of the town of Cromwell, 
in Noble County, Indiana, on the site of a dried- 
up pond at a depth of two feet. Here, as in 
the example of Koch, the remains had been ex- 
posed to fire. Sanford’s conclusion is of interest. 
He writes, ‘Possibly the Richmond mastodon 
was killed by a band of primitive hunters. 
Driven, perhaps for days, prodded by stone 
pointed darts and finally harassed by fire, he 
sought refuge in a little pool.’’®® 

The account of the Richmond mastodon reads 
almost like a duplicate of Koch’s discovery. 
Interestingly enough a similar discovery has been 
reported from Ecuador by Max Uhle, in which 
human artifacts were found together with the 
remains of a mastodon which had itself been 
exposed to fire.°® 


5! For the best account of many similar discoveries made 
in the nineteenth and twentieth centuries see E. H. 
Sellards, “Early Man in America’ (Bull. Geol. Soc. 
America 51: 373-432, 1940). 

82 W.J. Sinclair. The exploration of Potter Creek Cave. 
Univ. California Publ. Am. Archaeol. and Ethnol, 7: 107 
131, 1904, 

8 E. H. Sellards. On the discovery of fossil human 
remains in Florida in association with extinct vertebrates. 
Am. Jour. Sci., ser. 4, 42: 1-18, 1916. 

‘4 F.B. Loomis. Artifacts associated with the remains 


of a Columbian elephant at Melbourne, Florida. Am. 
Jour. Sci., ser. 5, 8: 503-508, 1924. 

8 J. T. Sanford. The Richmond mastodon. Proc. 
Rochester Acad. Sci. 7: 137-156, 1935. 

56M. Uhle. Spite Mastodonten in Ecuador. Proc. 


Twenty-third Internat. Cong. Americanists, New York, 1928: 
247-258. 








From Patagonia and the Straits of Magellan 
Junius Bird has also published evidence of the 
contemporaneity of man with ground sloth and 
the extinct horse.*’ 

In 1926 there was discovered, some 8 miles 
west of Folsom in New Mexico, a flint projectile 
point, of a peculiar fluted character, imbedded 
in the matrix between two ribs of an extinct 
bison. This discovery gave a considerable stim- 
ulus to the study and field investigation of the 
problem of the antiquity of man in North Amer- 
ica. Since then many similar discoveries have 
been made.*8 

It is of the greatest interest, therefore, to note 
that Koch was probably the first discoverer of 
such points. In this connection the Chief of 
the Bureau of American Ethnology, Mr. M. W. 
Stirling, has written the senior author a letter 
which, by his kind permission, we are able to 
quote here. 


In the winter of 1927-28, a few months before I 
came to the Bureau of American Ethnology, I was 
at the Cosmos Club in Washington in a small group 
which included Prof. W. H. Holmes, Mr. Neil Judd 
and Dr. Walter Hough. The Koch mastodon re- 
mains for some reason came up for discussion. 
Professor Holmes recalled that when he made a 
visit to the Missouri State Historical Society, he 
was shown a projectile point which they told him 
had been found by Koch with the mastodon remains. 
The distinctive feature of this point, said Holmes, 
was that it had a concave base and that a long flake 
had been struck from the base on either side passing 
longitudinally beyond the middle of the point; in 
short, that it was what we would now describe as a 
fluted point. 

I am quite certain that at this time Professor 
Holmes had never heard of the Folsom finds. I 


87 J. Bird. 


Antiquity and migrations of the early in- 
habitants of Patagonia. Geog. Rev. 28: 250-275, 1938. 
J. Bird. Before Magellan. Nat. Hist. 41: 16-18, 77-79, 


1938. 

J. Bird and M. Bird. Human artifacts in association 
with horse and sloth bones in southern South America. 
Science 86: 36-37, 1937. 

58 For an account of the original discovery, see J. D. 
Figgins, ‘‘The Antiquity of Man in America” (Nat. Hist. 
27: 229-239, 1927). See also Edgar B. Howard, “‘ Evidence 


of Early Man in North America’’ (Mus. Jour. [Philadel- 
phia ] 24: 53-158, 1935); and F. H. H. Roberts, Jr., “‘ De- 
velopments in the Problem of the North American Paleo- 
Indian” (Smithsonian Misc. Coll. 100: 51-116, 1940). 
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was particularly impressed by the description be- 
cause I had seen not long before a small article by 
Figgins describing the original Folsom find. Un- 
fortunately, I do not remember the date of Professor 
Holmes’ visit to the Missouri State Historical So- 
ciety nor the name of the person who showed him 
the point. My impression is that it was probably 
some time in the 1890's. 


The existence of this point—which up to the 
time of writing has not been traced—more than 
anything else, increases the probability that Koch 
actually found human artifacts in association 
with both the ground sloth and the mastodon. 
An additional evidence of his veracity in this 
matter is his account of the Indian traditions 
relating to the mastodon. Since Koch, at the 
time of his original publication, had been in 
America less than five years it is unlikely that 
he became familiar with the earlier accounts of 
such traditions. Here, too, his story seems to 
have been received with the same incredulity as 
was his account of the discovery of the artifacts. 


To conclude, it is the tragedy of such men as 
Koch that even when they speak the truth they 
are not believed, hence when they make a dis- 
covery of real importance their claims are either 
completely disregarded, or else viewed with ex- 
treme suspicion. Koch was scientifically un- 
trained, an aggressive traveling showman, and a 
dealer in his fossil exhibits. That he was an 
able and indefatigable collector was a virtue of 
his which attracted very little attention. Sci- 
entists were outraged by the grotesqueness of his 
reconstructions, and by his practice of selling 
his specimens for considerable sums of money, 
principally to foreign museums. Doubtless there 
were other qualities which brought Koch into 
disrepute; but whatever Koch’s faults may have 
been, a reexamination of his claims to have dis- 
covered human artifacts in association with 
mastodon remains, reveals that it is highly 
probable that he not only made such a discovery 
but that, although he was unaware of the char- 
acter of the animal at the time, he discovered 
such artifacts together with the remains of the 
ground sloth, Mylodon harlant. Finally, it is 
probable that some of the artifacts found by 
him were of Folsom or Folsomoid type. 









































































































































































































































\BSTRACT 


\mong the numerous and important mosaics discovered 
during the last few years, thanks to the excavations directed 
by Princeton University at Antioch-on-the-Orontes, a small 
panel brought to light from the ruins of a house of Daphne, 
the famous summer resort of Antioch, and now exhibited 
in the Museum of Historic Art in Princeton, shows a very 
peculiar representation. On it a young man sits in his bed 
and beholds a portrait; in front of him a woman standing 
near another bed offers him a cup. The interpretation of 
is facilitated by 
recently 


the mosak its resemblance to another 


\lexandretta, and bearing 
an inscription designating the figure as Ninus represented 
on it. 


mosal discovered at 
The mosaic is not an illustration of the earliest leg- 
end of Ninus and Semiramis which seems to have spread 
the shores of 
B.c., but of a 


along 


lonia, as early as the fifth century 


Hellenistic which 
fragments are preserved in a couple of papyri 


novel, of only 


scanty 
This inter- 
pretation is confirmed by the subject of a second mosai 
discovered in the same house of Daphne, which depicts a 
Hellenistic novel, this time deter- 
mined by the inscriptions of the two figures represented: 
Metiochos and Parthenope. 


quently, the 


scene from another 


We have before us, conse- 


ruins from a house of 


an ancient lover of 
pavements with mosaics 
representing some of his favorite reading. This kind of 
representation is very rare among the mosaics preserved 


tous 


literature, who decorated its 


\nother imposing specimen was recently discovered 
by the Belgian Expedition at Apamea in Syria. 


luHe Museum of Historic Art in Princeton 
possesses a small mosaic, of rather poor artistic 
quality but interesting for its rare and obscure 
representation, which seems very startling indeed 
at first sight. It was discovered in 1936, during 
the excavations directed by Princeton University 
at Antioch-on-the-Orontes and in its environs, 
and more precisely at Daphne, the famous sum- 
mer resort of the Syrian metropolis, situated near 
the idyllic Falls of the Orontes.' This mosaic 
was discovered, as have been many, by chance 
because of agricultural work almost at ground- 
level, among scanty architectural remains, and 
without association with any other archaeological 


materials useful for its dating and for the deter- 
‘The site is exactly determined by the 
symbols Daphne-Harbie 26-O/P. See on the mosaic and 
its discovery: Bull. Dept. Art and Archaeol. Princeton Uni- 
versity: 9, fig. 3, 1937; Campbell, Am. Jour. Archaeol. 42: 
213, fig. 9, 1938; Antioch-on-the-Orontes 2: 203, pl. 78, no. 
100, Princeton, 1938; C. R. Morey, The Mosaics of Antioch: 
34 f., pl. XIL, 1938. 


excavation 
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mination of the building to which it belonged. 
The building reveals at least two periods of con- 
struction. The floor of the room with which we 
are concerned was almost exactly in a line with 
a second room, separated from the first by a wall, 
the floor of which was also adorned with a figured 
mosaic placed at the level of the other; the chief 
axis of which, however, formed an angle of 90 
degrees with that of our mosaic, with its base 
turned toward the southwest, while the former 
had the base turned toward the southeast. But 
the outer, or northeast, side of our mosaic had 
been destroyed because of the superposition of a 
later mosaic belonging to a wide room partially 
overlapping the room to which the early mosaic 
belonged. The later mosaic shows a geometric 
decoration, with a central portion made up of a 
large star of squares and lozenges around an 
octagon containing four solids in perspective. 
For stylistic reasons, which would take too long 
to explain here, we may assign the earlier mosaics 
to a date around A. pb. 200, while the second 
construction must have followed less than a cen- 
tury later. 

The mosaic at Princeton formed the small 
emblema in the center of the pavement, and 
was surrounded by several decorative borders, 
namely: a narrow straight band; a broad rinceau 
with light tendrils and flowers on a black-blue 
background between two rows of brown crow- 
step; a band of waves and three broad straight 
bands of different colors. On the upper left 
corner of the room a small panel of marine ani- 
mals was introduced into the plain white ground 
of the mosaic, perhaps to serve as the floor of a 
small water-basin within the room, or for some 
other specific use of this part of the room which 
we cannot determine. Four fishes are alternated 
here with a shrimp, a clam, and a Triton’s shell. 
The rinceau has small white and pink four- or 
five-petalled flowers at the ends of the scrolls; 
a pinkish ribbon is wound about the calix; green 
leaves are alternated with whitish-gray tendrils; 
and in the center of each tendril is a large flower 
or a fruit like a pomegranate. 

The emblema is fragmentary on the lower left 
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Fic. 1. 


Ruins of the “House of the Man of Letters”; general view of excavation. 


Antioch-on-the-Orontes. 


corner, and lacks only a narrow band along the 
right edge. It represents part of a bedroom, 
The 


where two beds are placed at right angles. 
beds seem to be specified as belonging to the 
furniture of a bedroom (lecti cubiculares) because 
each of them is provided not only with a high 
head (fulcrum) but also with a side-rest rising up 
against the wall (pluteus), which dining-room 


couches (lecti tricliniares) do not have.? It is 
noteworthy, furthermore, on our mosaic that, 
besides the fulcrum, a high footboard rises at the 
foot of the bed. This detail appears also on 
some other monuments, among which we may 
mention another mosaic from Antioch,’ where the 
bed is provided with a pluteus as well, and, even 
more conspicuously, in a Pompeian fresco* where 
Abundantia reclines on a kline, this time lack- 
ing the pluteus. In this fresco the height and 
sienderness of the supports of the bed are char- 
acteristic; this is also the case, to an even higher 
degree, in our mosaic. This is a peculiarity of 
Roman beds of an early age, as numerous pas- 


2? The disposition of the beds, furthermore, does not 
correspond to that of the couches in a triclinium, since the 
imus lectus of the triclinium, on which our figure would be 
reclining, ought to be placed not on the side but before the 
end of the central couch partially reproduced on our mosaic. 

3 Antioch-on-the-Orontes 2: pl. 46, no. 61, panel A. 

*S. Reinach, Répertoire de peintures grecques et romaines 
(Paris, 1922): 151, fig. 2. 


sages by Roman writers inform us. A stool or 
a small ladder was used to get into this kind of 
bed, by leaning them against the sponda, that is 
the open side toward the center of the room.® 


5 EF. g., Servius, in Vergil Aeneid iv. 685: lecti antiquorum 
alti erant et gradibus ascendebantur. On the shape and 
the varieties of Roman beds, see Marquardt-Mau, Das 
Privatleben der Rémer, ed. 2 (in Marquardt and Mommsen, 
Handb. der rém. Alterthiimer (Leipzig, 1886): 302, 724); H. 
Bliimner, Die rém. Privataltertiimer (Munich, 1911): 112 ff. 
(in Iwan Miiller, Handb. der kl. Altertumswissenschaft 4, 
Abt. 2, Teil 2). Bliimner (op. cif.: 113) tries to demon- 
strate, not very convincingly, that sponda was used for the 
whole surface of the bed, and not only its unprotected edge 
looking toward the center of the room. Anyhow, in very 
early times the edge without parapet is by this name 
clearly distinguished from those with a parapet. On late 
monuments, however, beds of a type similar to that of our 
mosaic appear also in representations of banquets: e. g., in 
the category of the so-called funeral banquets, on numerous 
relief stelae, among which we may cite several specimens 
from Italy (Carducci, Bull, dell'I mpero Romano 8, appendix 
to Bull. della Commissione Archeol. Comunale di Roma 65: 
8 ff., figs. 2-6, pl. I, 1937). See besides the relief with a 
dead woman reclining on her bed on the well-known 
sarcophagus from Simpelveld (Jahrb. d. deutsch. Archédol. 
Inst. 48, Anzeiger: 56 ff., Beilage I, fig. 2a, 1933). Similar 
beds appear as well on tomb mosaics, e. g., on the mosaics 
in the Sfax Museum (R. Massigli, Mus. de Sfax, pl. V, 3, 
1912). See also the similar ones, but with a single parapet, 
all along the walls of an ovoidal space, on the mosaic from 
a large oecus in Carthage representing a gay festival, with a 
concert in the center of the scene (Inventaire des Mosaiques 
de la Gaule et de l’ Afrique 2: Tunisie, no, 806, plate). 




























































































Fic. 2. 


Mosaic of Ninus and Semiramis. 


Museum of Historic Art 


Princeton, 


An interesting representation of one of these 
beds—provided with fulcrum and with pluteus 
but not with a parapet at the foot—with the 
small ladder leaning against it, is that in the 
scene of the suicide of Dido in the Vatican Vergil.® 

One of the two beds in our mosaic is fully 
represented as if seen in a three-quarters view 
from within the room, and shows a figure re- 
clining on it. The three parapets are grayish, 
the high moulded supports are yellowish. The 
mattress (torus) on which the figure rests is 
yellow-brown with groups of dark coffee-colored 
parallel bands; similar bands adorn transversally 
the roundish head-pillow (cervicale), the top of 
which is indicated by a whitish spot. The figure 
wears a white tunic adorned with two vertical 
clavi, originally probably in light blue glass 

® Fragmenta et picturae Vergiliana Codicis Vat. Lat. 3225 


(Codices e Vaticanis selecti 1, ed. 2) (Rome, 1930): pl. 40, 
pict. 26. 
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tesserae which left only some traces in their deep 
furrows. The tunic sleeves reach the elbows. 
A violet mantle is superimposed on the tunic on 
the left shoulder and covers the waist and the 
legs. The figure looks like a youth, with short 
hair, and holds in his outstretched right hand a 
small rectangular portrait, on which the bust of 
a girl is depicted, with waving curls on the nape 
of the neck and with the hem of a dark garment 
below the neck. The youth’s left hand pro- 
trudes from the folds of the mantle and rests 
near his waist. On the section of the second bed 
represented we can distinguish a small part of 
the violet mattress; beneath this, the sponda of 
the bed is indicated by alternate blue and gray 
tesserae. In the center of the room a girl stands 
before the reclining youth; her body is almost in 
full face, her head turned in a three-quarters 
view, and her eyes are staring into space. She 
wears a long blue tunic with black borders and 
bands, of which the glass tesserae have mostly 
fallen away. It seems that the tunic was fas- 
tened only on the right shoulder; around the left 
arm probably the folds of a violet-pinkish mantle, 
of which a fragment is preserved near the left 
side, were wrapped. The naked right arm was 
stretched forward, presenting a cup to the youth. 
The tesserae of the cup have also fallen off. The 
pavement of the lower part of the room where 
the girl stands is rendered by a broad blue band 
between two thin gray-coffee-colored lines; it is 
white on the rest of the mosaic. The features 
of the two figures are roughly sketched, and 
have a rather stolid appearance. To the daring 
attempt at a perspective representation of the 
interior of a room, the artist’s capacity in space- 
rendering does not correspond. The parapets of 
the beds, instead of diminishing, widen with the 
increasing distance; the posts are aslant. The 
headboard of the fully represented bed is dis- 
torted in order to leave room for the representa- 
tion of the adjoining part of the other bed. The 
head of the latter seems bent toward the inner 
side instead of being vertical. The legs of the 
reclining figure could not be contained in the 
short space granted by the perspective of the end 
of the bed. 

A small deterioration of the mosaic in front of 
the youth’s head has been restored in antiquity 
with five big white fesserae carelessly set in. 

Our study of this mosaic must be concise and 
provisory: the primary key to its interpretation 
is provided in fact by its resemblance to another 
mosaic, discovered, at Alexandretta and pre- 
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served in the Museum of Antioch. The sub- 
ject of the latter mosaic is determined by an in- 
scription. The interpretation by Seyrig—who 
established the similarity of the two monuments’ 

as Ninus mourning over the death of Semi- 
ramis while contemplating her portrait, cannot, 
however, be entirely accepted. The historical 
Semiramis, the wife of the Assyrian king Samsi- 
Hadad V, undoubtedly survived several years the 
premature death of her husband. She probably 
kept the regency between 810 and 806 B. c. until 
the accession to the throne of her young son 
Hadadnirari IV; she seems to have participated 
in the government even thereafter for a long 
time, and to have largely contributed to the 
prosperity of the state, thanks to her warlike 
enterprises as well as to her celebrated building 
activity. In a similar way the legendary Semi- 
ramis, the wife of Ninus the founder of Nineveh, 
in all the different versions of her legend is always 
referred to as having survived her husband’s 
death.’ But in the representation of our mosaic 
there can be no question of the original redaction 
of the legend. This seems to have spread along 
the shores of Ionia as early as the fifth century 
B.c., and to have been known probably to 
Herodotus; it was transmitted to us by Diodorus 
(ii. 1 ff.) following Ctesias’ version of the begin- 
ning of the fourth century B.c. It seems very 
likely, on the contrary, that our mosaic preserves 
for us a unique representation referring to a 
novel—one of the earliest Greek novels, probably 
still belonging to the first century B. Cc.—based 
upon the ancient legend, and of which only a few 
fragments in some Berlin and Florence papyri 
have reached us.°® 

In the novel the story of Ninus and Semiramis 
has undergone a new and radical transformation; 
nevertheless, persons and elements of the old 
legend are still recognizable. Ninus is called by 
name; his beloved in the preserved fragments is 
mentioned only as the xépn. But she is called 
the daughter of Derkeia, and the latter is easily 




























Fic. 3. Mosaic from Alexandretta: Ninus holding a por- 
trait. Museum of Antioch. 






7 As formulated in Campbell, loc. cit. 

8 It suffices to quote on this subject the compendious 
articles by Lehmann-Haupt, s. v. Semiramis, in Roscher’s Fic. 4. 
Lexikon der griech. u. rém. Mythologie 4: col. 678 ff., and 
by Th. Lenschau, s.v. Semiramis, in Pauly-Wissowa, 

Real Encyclopédie d. class. Altertumswissenschaft, Supp|.7: identifiable with Semiramis’ mother in the legend, 
col. 1204 ff., 1940, on the legend of Semiramis, col. 1207 ff. the Syrian goddess Derketo, who is said to have 


® Wilcken, Hermes 28: 161 ff., 1893; F. Zimmermann . 
’ ’ , » exposed the daughter born to he r relz ‘ 
Griech.-Roman Papyri (Heidelberg, 1936): 13 ff. A small P . rere to her of her relations 


fragment in Florence was to be published by G. Vitelli in with = Syrian man, lhe baby was miraculously 
Papiri greci e latini 12, which unfortunately has not yet nourished by doves. Furthermore, in the novel 


appeared. Ninus’ war expeditions are subsequently narrated 


Detail of figure 3. 
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at length, especially those against Armenia, 
which rest on a solid historical basis. The live- 
liest survival of the legend of Semiramis can be 
found in Armenia; the old name of Van itself was 
‘Semiramis’ City,” and various strongholds of 
that country are still known by the name of 
“town of the girl,”” in which we may perhaps 
recognize a trace of the name of the ‘‘xdpn”’ of 
our novel. 

From the two principal fragments of papyri 
the plot of the novel may be reconstructed some- 
what as follows. Ninus and his little cousin 
Seiuiramis have grown up together in the royal 
palace, and from their daily intercourse a love 
has blossomed which the two children swear will 
be everlasting and exclusive. Ninus’ love is sub- 
mitted to a hard trial because of a first separa- 
tion; but in spite of all opportunities of sin, 
multiplied by his regal rank, he remains pure and 
faithful to the memory of the beloved girl. In 
the first of the two fragments we are confronted 
with the scene in which the king, a youth seven- 
teen years old, makes his peroration to Derkeia 
in order to be immediately bound in marriage to 
his sweetheart, in spite of the fact that she is 
merely fourteen years old, and consequently 
against the custom which usually forbade girls 
to be married before the end of their fifteenth 
year. In this particular case, however, reasons 
of state, the impending wars to be led by the 
king and the dangers to which he will be exposed, 
justify the transgression of common usage. At 
the same moment Semiramis approaches Ninus’ 
mother trying to obtain the 
marriage. At the beginning of the second, and 
very defective, fragment, appears to have been 


her consent to 


described a pathetic scene of the sorrow and 
jealousy of Semiramis, a young wife by now, 
because of the approaching separation from her 
beloved husband. Ninus, perturbed and moved 
himself, tries to console her, if not by concealing 
the dangers of war, at least by assuring her that 
his fidelity, which did not waver the 
marriage, will hardly waver now. Next morning 
the hero departs for the camp. He defeats Ar- 
menia, moves against Egypt, and brings peace 


before 


to his kingdom. During these prolonged enter- 
prises the life and faith of the youth are often 
jeopardized ; but he surmounts every trial accord- 
ing to his promise, while his wife lives in anguish, 
without news of him, and exposed to various 
temptations. 


The plot of this short story reveals a quite 
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peculiar character, different in several points 
from that of most other Hellenistic novels. It 
rests upon a historical basis; love is not the 
sudden result of a fortuitous meeting, but the 
fruit of long intercourse and of mutual inclina- 
tion. Nor are fortuitous and aimless the adven- 
tures and wanderings of the hero, but dictated 
by high political and ethical reasons; the woman 
does not seem to follow her beloved in his travels, 
but to remain within the domestic walls waiting 
for hisreturn. In the small fragments preserved 
to us we do not find any situation which might 
specifically refer to the episode depicted on our 
mosaic. Many such situations, notwithstand- 
ing, which the scene of the mosaic might fit 
perfectly well, can be imagined from the content 
of the story. The mosaic might represent the 
moment of the sorrowful farewell of the two 
consorts, in which the offer of the wife’s portrait 
would specify the token of her faith; or it might 
allude on the contrary to a proof of Ninus’ faith, 
either during the first separation before the mar- 
riage or during the second one at the time of his 
war expeditions, against the easy temptations of 
other love affairs. In this latter case the con- 
templation of the portrait of the beloved one as a 
support for the tempted faith would reveal to us 
a new and very effective artistic device. 

But the correctness of our interpretation of the 
Princeton mosaic as a scene from the novel of 
Ninus and Semiramis seems to me confirmed 
beyond any possibility of doubt by the fact that 
the mosaic of the adjoining room of the same 
house of Antioch represented a scene from an- 
other novel, this time identified by the inscribed 
names of the two protagonists, the novel of 
Metiochus and Parthenope.'® A few small bits 
of this novel have been recently added to the 
single fragment known to us before, and a few 
parts of the plot are accessible." It refers to the 
Siren Parthenope, the patron deity of Naples, 
and reveals consequently, as a common element 
with the novel of Ninus and Semiramis, a mytho- 
logical substratum. But the connections be- 
tween the two novels may have been closer than 
they appear to us now because of some elements 


which are lost. As a matter of fact—further 

'©G. Hanfmann, Am. Jour. Archaeol. 43: 242 ff., fig. 5, 
1939. The mosaic, now in Worcester, has been published 
also in Worcester Art Museum Annual 2: 14, fig. 15, 


1936-37; The Dark Ages, Worcester Art Museum Exhibi- 
tion, no. 2, 1937; Antioch-on-the-Orontes 2: pl. 78, no. 99. 

"See Zimmermann, op. cit.: 52 ff., and his translations 
in Die Antike 11: 296 ff., 1935. 
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Fic. 5. Mosaic of Metiochus and Parthenope. Museum 


of Antioch. 


confirmation of our interpretation—both are 
mentioned side by side, by the name of their 
heroes, in a passage by Lucian. In the Pseudo- 
logista (25) we hear the tongue of Timarchus thus 
attack its own master and blame the rhetor of 
ingratitude: “‘You ungrateful brute, thus do you 
requite me for all that I have done for you! 
You were a poor devil, not knowing which way 
to turn, when I helped you to bread and applause 
on the stage, by making you now a Ninus, now 
a Metiochus, now an Achilles.’’"”’ For the rest, 
the story of Metiochus and Parthenope seems to 
follow much more closely than that of Ninus and 
Semiramis the usual scheme of Hellenistic novels. 
Metiochus seems at first—as so many other 
young heroes of Greek mythology—averse to 
Eros and unwilling to listen to him, denying 
power and his very existence. Later, on the 
contrary, conquered by Parthenope’s love, he 
appears struggling to overcome the obstacles to 
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their marriage, especially the opposition by Par- 
thenope’s father, who is a king and does not 
consent to the marriage because of Metiochus’ 
modest origin. Travels and adventures, such as 
Parthenope’s capture in Corcyra and her rescue, 
are episodes leading to the happy end of tri- 
umphant love. 

The episode represented in the Antioch mosaic 
may well refer to the first part of the novel, when 
Parthenope endeavors to allure to herself the still 
reluctant hero. Obviously, the illustrators of 
these late literary compositions, when facing the 
new situations of their subjects, could not resort 
to the repertory of classical and Hellenistic art 
for the representation of the whole scene, but 
were often obliged to adjust from that repertory 
figures and attitudes in such a way as to meet 
their requirements. In the scene from the novel 
of Ninus and Semiramis we have noticed at least 
the introduction of some quite new elements, as 
well as a daring conception in the arrangement 
of the scene itself. For the representation of the 
episode from the Metiochus novel, on the con- 
trary, two standing figures are simply grouped 
in a usual conversation scene, and to one of them 
—the girl with a hand stretched forward with the 
open palm—is given one of the most usual ges- 
tures to express the excitement of a speaker.“ 





13 1 do not see any sound reason to interpret this mosaic 
as a theatrical representation. A more or less dark band 
on the bottom of the scene does not mean a stagelike 
podium and can be seen as a pavement also on the second 
mosaic of the same house, where, as we said before, it 
cannot be a question of a stage representation, as well as 
elsewhere in the Antioch mosaics. In the costumes of the 
figures no characteristic theater garments appear. I would 
add, furthermore, that I am not convinced of the existence 
of any certain information about a play on the subject of 
the novel. The passage in ihe dialogue Pseudologista by 
Lucian which we quoted above refers to a rhetor. His 
personifications of the most different roles such as that of 
Ninus, Metiochus, Achilles, made him famous and made 
out of him a popular educator. Consequently, these per- 
formances on the stage may very well have been of a 
rhetorical character, such as lectures, or readings of pas- 
sages of his own works. We know how much the fashion 
of an author reading his own writings and lecturing in 
every kind of public places, in porticoes, baths, and theaters, 
spread throughout the Roman world, especially after the 
readings by Asinius Pollio (see L. Friedlander, Sitten- 
geschichte Roms, 10th ed. by G. Wissowa (Leipzig, 1922), 
2: 225 ff.). Even less persuasive, as regards the existence 
of a pantomime on our subject, is a second passage by 
Lucian (De Saltatione, 2). In this dialogue, in which 
Lucian defends this kind of theatrical performances, 
his opponent Craton begins by asking how it is possible 
for a serious and learned person to attend such shows, 
in which an effeminate man, wearing soft garments, 
recites lascivious songs and imitates enamored females 
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In spite of every difficulty, however, recent dis- 
coveries confirm that subjects from fiction and 
historical novels were welcomed into the reper- 
tory of late Roman mosaics, especially in the 
rovinces. 
and 


easter! We may mention among the 
not yet exhaustively investi- 
gated discoveries the interesting mosaic from 
Apamea in Syria,“ much larger and more com- 
prehensive than our two Antioch mosaics. Here 
a man in warlike costume embraces a woman 
in front of a palace, while merry girls in floating 
garments and veils are caroliing and dancing in a 
chain around them. The inscription Oeparevides 
(Oeparawides = the little servant girls) led Cu- 
mont to the ingenious and very likely interpre- 
tation of the scene as an anecdote referred to by 
Clement of Alexandria (Protrept. ii. 31. 1 f., ed. 
Stahlin (Leipzig 1905): 23, 306), whose author 
was Myrsilos of Lesbos. 


most recent 


Megaklo, the daughter 
of Makar, King of Lesbos, succeeded in stopping 
the endless rows of her parents by buying some 
Mysian slave girls, whom she taught dancing and 
music, and who succeeded with their arts in 
calming the irascible king. In gratitude for this, 
Megaklo, who in her Aeolic dialect had called 
the Mysian slaves (Mueds) ‘“‘Muses’”’ 
dedicated a cult to the 


(Moicas), 


Muses in her town. 


of antiquity, “like the Phaedras, the Parthenopes, the 
Khodopes” (@nAvépiavy GvOpwrov dpav, tofjor padakais, Kal 
acpaow axoddoros évaBpuvouevor, Kal uipobuevoy Epwrika yivaca 
rav wad\a, Tas paxdoraras Paldpas xai llapSevoras, xai ‘Poddéras 
rwas, ...). First, it is not necessary to assume that here 
it is a question of the Parthenope of our novel: a scholiast 
(Schol. Dionys. Perieg. 358: Geogr. gr. min., ed. C. Miiller 
(Paris, 1861) 2: 445) explicitly affirms indeed the existence 
of another and entirely different Parthenope, from Samos, 
who wandered throughout the world because of her ardent 
love for her husband Anaxilaos. In any case, the plural 
of the names used by Lucian indicates, in itself, an ex- 
pression like “types of Phaedras, Parthenopes, etc.,” not 
referring to a specific play, but using them as examples of 
women popularly famous for their luxury. The mimes 
would imitate their attitude for any kind of recital, much 
as modern night-club entertainers may imitate, to amuse 
the public, the gestures and words of historical persons, 
of heroes of novels and stories which are the best sellers 
of the moment, as well as of any kind of famous living 
person. 

4 And analogous literary compositions as well: we may 
mention the probable illustration of one of the fables by 
Babrius in a recently discovered mosaic from Tebessa 
(ancient Theveste) in Algeria (L. Leschi, Mélanges d’archéol. 
et d'histoire, Ecole fr. de Rome, 41: 99 ff., 109 f., pl. I, 
1924). We cannot linger here over the much discussed 
question whether the episodes of the story of Eros and 
Psyche, frequent in the Antioch mosaics, are derived from 
Apuleius’ novel or not. 

See F. Mayence, Bull. des Musées royaux d'art et 
d'histoire (Brussels): 98 f., figs. 1 and 3, 1938. 
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In the case of the novel of Ninus and Semiramis, 
the introduction of its subject into the repertory 
of the Antioch mosaics would be even more 
plausible, if we accept the attribution of the 
novel itself to the author proposed by Lionello 
Levi: a certain Xenophon from Antioch, about 
whom we are informed by Suidas that he wrote 
a novel called BaSvAwnaxa," a title perfectly suit- 
able for the story whose protagonists are Ninus 
and Semiramis."” 

As regards iconography, our mosaic is one of 
the monuments in which a picture, and in our 
case more precisely a portrait, is introduced as 
an element of representation into a painting or a 
mosaic. The pinax held by Ninus in his right 
hand" looks like a small picture with the four 
sides of the frame crossing each other and pro- 
truding in small angles outside the painting’s 
corners. Such are often the frames made to hold 
on the sides the hinges of the pinakes provided 
with folding leaves used to close and protect the 
painting. Similar specimens are often repre- 
sented in Pompeian frescoes as hanging from the 
walls: we may mention among others the pinakes 
on the walls in the house of the Vestals and in 
the triclinium of the Crypto-porticus.'® The 
frame may present this shape also in pictures 
where there are not, or at least not indicated, the 
folding leaves. We may point out an example 
in the small picture leaning against the pedestal 


16 Zevodar 'Avrioxebs, iaropixds’ BaBvAwviaxad: tore 5¢ Epwrikad 


(Suidas, Lexicon, ed. A. Adler (Leipzig, 1933), 3: 495, 23). 
See L. Levi, Rivista di Filologia 23: 19, 1895. 

‘7 The title of work containing the earliest 
version of the legend of Ninus and Semiramis was Iepouxa; 
its first book, the one containing Semiramis’ story, was 
known also by the special title ’Agouvpiaxa. 

18 Glanville Downey (Church History 10: 376, 1941) 
interprets the scene of our mosaic as a symbol of Plotinus’ 
doctrine concerning the way in which the souls beheld 
images of themselves in a mirror. 


Ctesias’ 


There seems to me to 
be little likelihood of such a representation in our small 
emblema, as against all the probabilities of a scene from 
a novel which we have pointed out, and which are sup- 
ported by the subject of the second mosaic discovered in 
the same house. Furthermore, the shape of the object 
held by the figure in the mosaic does not seem suitable for 
a mirror. Square mirrors, sometimes even without a 
handle, can be found in Roman times (e. g., in the frescoes 
of the Villa of the Mysteries in Pompeii—see A. Maiuri, 
La Villa det Misteri, pl. XIII, 1931); their frames, how- 
ever, strong and usually clearly of metal, never show the 
crossings on the corner, suicable on the contrary for the 
wooden frame of a pinax. 

8G. E. Rizzo, La pittura ellenistico-romana (Milano, 
1929): pls. XXXII] and XVI. Cf. other specimens, e. g. in 
Daremberg-Saglio, Dictionnaire des antiquités grecques et 
romaines, s. v. Pictura, 4: 464, figs. 5651-5652. 












of a herm of Dionysos in the painter’s atelier 
represented in a well-known Pompeian fresco,”° 
in which the woman artist has copied precisely 
the figure of the herm itself; in the same fresco”! 
a second picture with an identical frame hangs 
from the door-jamb. Ateliers of artists, such as 
that of the painter we have mentioned above, 
would obviously be the normal motivation—we 
may say perhaps the only one previous to our 
mosaic—for the representation of ‘‘paintings 
within paintings.’’ Such is, e. g.,a second Pom- 
peian fresco where a woman artist is busy paint- 
ing the image of a man standing before her on a 
canvas which a companion keeps straight for her 
on a table.” And such is again the parody of a 
painter’s atelier in a third Pompeian fresco,” 
where, instead of human beings, dogs are de- 
picted. In the latter we meet for the first time 
a man’s head or bust on the pinax resting on its 
easel, in all probability the portrait of the figure 
who poses, sitting in front of the painter. The 
most comprehensive representation of an artist’s 
atelier is that on a stone sarcophagus of Kerch 
in Crimea, dated approximately in the first or 
second century, of which, strangely enough, 
the interior was painted on all four sides. The 
scene of one side** presents a painter of encaustic 
funeral portraits seated in his atelier, intent on 
his work, in front of a cupboard containing 
paints, which has both door panels open and 
rests on a small column. Behind this a portrait 
stands on an easel. On the wall hang three 
finished portraits, a square one between two 





20 Museo Borbonico 7: pl. 111; Reinach, Rép. peintures: 
262, fig. 8. 

21 The frame of the figured emblemata of mosaic-floors 
sometimes imitates this kind of frame for paintings, being 
formed by four plain lines crossing at the corners of the 
picture: this device was specially cherished in Antioch, 
where it appears on a great number of mosaics from the 
early second century to the end of the third century. It 
is not restricted, however, to Antioch: we may mention, 
e. g., a well-known mosaic with Nilotic scenes, discovered 
on the Aventine and preserved in the Museo Preistorico 
Luigi Pigorini in Rome (Reinach, Rép. peintures: 377, fig. 1) 
(for its figured panel see also Rizzo, op. cit., pl. CLX X XVII). 

2 Th. Schreiber, Kulturhistorischer Bilderatlas 1, Alter- 
tum (Leipzig, 1885): pl. LX, 3; Reinach, op. cit. 262, 9. 

% Reinach, op. cit.: 161, fig. 6. The painting reproduced 
by O. Jahn (“Uber Darstellungen des Handwerks u. 
Handelsverkehr auf antiken Wandgemialden,”’ Abhandl. d. 
phil.-hist. Classe d. k. stichsischen Gesell. d. Wissenschaften 
(Leipzig) 5, fasc. 4: pl. V, fig. 6a, 1868) seems to be an 
incorrect drawing of the same fresco. 

24See M. Rostovtzeff, Antique Decorative Paintings in 
South Russia (in Russian) (St. Petersburg, 1913-1914): 
376 ff., pl. XCII, 1; also in Jour. Hellenic Studies 39: 144, 
fig., 1919. 
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round medallions. 
the portrait on the easel, shows the same kind of 


The square one, as well as 


frame as that on our mosaic. Again we have a 

bust in a picture resting on the easel in a funerary 

relief, discovered in the Roman Campagna.” It 

represents the usual farewell of two consorts, but 

one in which the wife holds in her free hand a 

paintbrush, which characterizes her as a painter, 

standing near the instruments of her art. Among 

the mosaics, furthermore, as regards a painter's 

atelier, we may mention only the emblema from 

the Garden of Maecenas preserved in the Anti- 

quarium Comunale in Rome, in which a similar 

subject has been, very plausibly, recognized by 

B. Schweitzer, but which seems to have been 

slightly modified in the copy by the mosaicist.”* 

According to this interpretation an artist sits 

here, idealized and in heroic nakedness, seen 

from his back before his easel. In the right hand 

a female figure of mythological nature appears, - 
probably a personification of the artist’s inspira- 

tion. An object leaning against his seat would 

have been originally a pinax, which was trans- 

formed however by the mosaicist, as a tribute 
to his own art, into a mosaic panel seen in per- 

spective. But the representation of a man look- 

ing at a portrait held in his own hands is a new 
one, which appears for the first time in the 
Antioch mosaic. It may be that the scenes of a 
lover contemplating the portrait of the beloved 

girl, or even love arising from the sight of a 
portrait of an unknown girl, were among those 
adopted by the Greek novel from its oriental 

sources, where such devices as portraits, dreams, 

were necessary because of the secluded life of 
women.?”?_ And late Hellenistic painting, follow- 
ing its general trend, may easily have been 
spurred by a favorite theme of the new literary 
genus, to produce this most suggestive among its 
idyllic motifs. 


POSTSCRIPT 


Thanks to the kindness of H. Seyrig, former 
Director General of Antiquities in Syria, we were 


22P, S. Bartoli, Gli antichi sepolcri (Rome, 1768): 
frontispiece-vignette; O. Jahn, op. cit.: 300 ff., pl. V, fig. 8; 
Daremberg-Saglio, op. cit., s. v. Pictura, p. 465, fig. 5656. 
In all probability the relief is original, but its inscription is 
forged. 

26 Corolla Ludwig Curtius (Stuttgart, 1937): 35 ff., pl. 2; 
cf. M. E. Blake, Mem. Am. Acad. in Rome 17: 102, pl. 20, 
fig. 4. 

Sn See E. Rohde, Der griechische Roman und seine Vor- 
léufer, ed. 3 (Leipzig, 1914): 53, note 4. 
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able to secure for this paper two photographs of 
the Alexandretta which arrived from 
Beyrouth just before the paper went to press. 
We wish to thank M. Seyrig for his effort in 
procuring the photographs as well as for his per- 
mission to publish them (figs. 3 and 4). 

The photographs show that the resemblance 
between the Antioch and the Alexandretta 
mosaics, because of the latter's fragmentary state, 


mosaic, 


extends only as far as the principal figure is con- 
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cerned, which is also the only one whose name is 
here preserved: Nivos. The youthful aspect of 
this figure, with round cheeks and short hair, well 
corresponds to that of the Antioch mosaic; but he 
holds the portrait not while reclining on a couch, 
but sitting on a chair with moulded legs. The 
resemblance of the two monuments is, however, 
quite sufficient, together with the other argu- 
ments previously advanced, to support 
interpretation of the Antioch mosaic. 


our 


















ABSTRACT 


It has been suggested by Hogben and especially by 
Neill that chromatophores respond quickly, in 10 minutes 
or less, to n-rvous stimulation and slowly, in 2 hours or 
more, to hormonal stimulation. This distinction was 
based on comparatively few examples. When a wider 
range is considered, it is found that some nervously con- 
trolled color-cells are slow in response and some con- 
trolled by hormones are quick. This evidence is unfa- 
vorable to the suggestion of Hogben and of Neill and in 
favor of the view that nervous stimulation and hormonal 
stimulation are in reality the same in nature in that both 
are dependent upon secreted substances, neurohumors. 


BeroreE 1915 all animal chromatophores were 
believed to be controlled exclusively by nerves. 
In 1918 Redfield showed that in the horned toad 
Phrynosoma the melanophores responded not only 
to nerves but also to the hormone adrenaline. In 
1922 Hogben and Winton demonstrated that in 
the frog nerves played little or no part in melano- 
phore control, which was accomplished by the pi- 
tuitary secretion now known as intermedine. In 
1928 Perkins pointed out the complete ineffective- 
ness of nerves for the control of chromatophores 
in shrimps and showed that the color-cells in these 
animals were made to concentrate their pigment 
by a hormone that emanated from their eye-stalks. 
In many animals, however, it could still be demon- 
strated that nerves were of great importance as 
chromatophore activators, and an important prob- 
lem in this field was the determination of the part 
played on the one hand by nerves and on the other 
by hormones in the color changes of particular 
animals. 

In following these lines of investigation, Hogben 
(1924) was impressed by the importance of a time 
factor in chromatic activities and was led to con- 
clude that in the responses of color-cells, reactions 
induced by hormones took more time than those 
excited through nerves. This general conception 
was supported by the further work of Slome and 
Hogben (1929) and was assented to by a number 
of workers, including Smith and Smith (1935), 
Vilter (1937), and others. Hogben’s view finally 
took more definite form in the hands of Neill 
(1940), who declared that “when the total time 
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taken for colour change exceeds two hours hor- 
monal co-ordination is indicated. On the other 
hand, a total change time of the order of 10 min. 
or less may be safely held consistent with predomi- 
nantly nervous co-ordination, through the direct 
innervation of the melanophores themselves.” 
Thus fairly definite limits were set for the two 
kinds of chromatic activation. How consistent is 
this view with what is known of the lengths of 
time required for color changes in different 
animals ? 

A considerable number of records of the times 
necessary for chromatic animals to change from 
pale to dark or the reverse is scattered through 
the literature. The more accessible of these rec- 
ords have been brought together in table 1. Here 
the names of the vertebrates concerned are given 
in the left-hand column, arranged under chief 
headings and with the species under each heading 
in the sequence of increasing time of response. 
The second column includes the names of the 
observers of these conditions and the dates of 
their publications, and the third and fourth the 
times recorded by these observers for the color 
changes, pale to dark and dark to pale. The 
actual times are given in seconds, minutes, hours, 
or days. The body of the table is made up of 
records for melanophores, but it ends with three 
readings for erythrophores. I know of no cor- 
responding readings for xanthophores. 

Of the 24 species of vertebrates whose melano 
phore reaction-times are recorded in table 1, 19 
changed from pale to dark more quickly than from 
dark to pale. Four (Scylliwm, Tautogolabrus, 
Gasterosteus, and Anguilla) were recorded to 
have made one of these changes in the same time 
as the other, and one (Lebistes) required more 
time to change from pale to dark than from dark 
to pale. The occasion of these conditions is not 
wholly clear. Almost every chromatic vertebrate 
darkens from the presence in its blood of the pitui- 
tary neurohumor intermedine, which may be sup- 
plemented in this activity by acetylcholine. 
Acetylcholine is a very ephemeral substance and 
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rABLE 1 


RECORDED INSTANCES OF TIMES OF MELANOPHORE AND ERYTHROPHORE CHANGES FROM PALE TO DARK AND DARK 
ro PALE, SHOWN BY CHROMATIC VERTEBRATES 





















MELANOPHORES 














































Time 
Animal Species Authors aun a statin 
Pale to Dark Dark to Pale 
—— ead : .. 

Elasmobranchs: 
Mustelus canis Parker and Porter, '34 0.5-2 hr. 2 d. 
Scyllium canicula Waring, Landgrebe, and Bruce, ’42 4d, 4d. 
lelec sts 
Mollienisia latipinna Pierce, '41 10-25 sec. 25-50 sec. 
Fundulus heteroclitus Pierce, '41 45 sec. 1 min. 

2 mn Parker and Brower, '37 1 min. | 2 min. 
Salmo salar Neill, '40 30 min. 10 hr. 
Lebistes reticulatus Neill, '40 35 min. 7 min. 
Tautogolabrus adspersus. . Hunter and Wasserman, ‘41 50 min. 50 min. 
Gasterosteus aculeatus.... Hogben and Landgrebe, '40 1 hr. 1 hr. 
Ameiurus nebulosus Parker, '34 . 1 hr. | Sos ie. 
Parastlurus asotus Matsushita, ’38 1 hr. 3.5—4 hr. 
Lophopsetta maculata Osborn, '39 1d. 2 hr.-2 d. 
Phoxinus laevis... Healey, '40 1-2 d. 5-6 d. 
Paralichthys dentatus Osborn, '39 | 1-3 d. 2-4 d. 
Pseudopleuronectes americanus Osborn, '39 5-5 d. 3-7 d. 
inguilla vulgaris. . Neill, 40 20 d. 20 d. 
Amphibians: 

Bufo arenarum Stoppani, '42 , 2 on 1. ae 
Rana clamitans Pierce, '42 | 4.5-5 hr. 10-12 hr. 
Yenopus laevis. . Slome and Hogben, ’29 |} 15 hr. 100 hr. 
Reptiles: 
inolis porcatus Hadley, '29 1 min. 15-18 min. 
equestris..... .| Hadley, '29 1 min. 25 min. 
carolinensis : Carlton, '03 4 min. 25 min. 
wi Kleinholz, ’38a 6 min. 30 min. 
Lophosaura pumila. . .| Zoond and Eyre, '34 4 min. slow 
Chamaeleo vulgaris Briicke, '52 Few min. 0.5 hr. 
Phrynosoma blainvillii.. Parker, '38 | 15 min. 30 min. 





ERYTHROPHORES 


leleosts: 






| 
| 
Prionotus strigatus Lee, '42 (exc. pallor) 10-15 sec. | 





2-4 sec 
Holocentrus ascensionis Smith and Smith, ’35 10 sec. | Sone 
7 “ Parker, '37 16.5-—22 sec. 4.5-8.5 sec 












will disappear from the body fluids of an animal of their darkening, is due to the retention of inter- 
in a short time. Intermedine on the other hand  medine in their circulating fluids, a state which 
is a relatively stable material and can be found in would prevent for some time the effective action 
the blood of such an animal as the catfish 70 hours of such a blanching agent as adrenaline. That 
after that creature has been deprived of its source _ this is not the whole explanation of this slowness, 
tor this substance, the pituitary gland (Osborn, however, is seen in the fact that retardation in 
1938). It is therefore not improbable that the blanching is clearly observable in Fundulus (com- 
slowness shown in the blanching of many chro- pare table 1), which is one of the very few fishes 
matic vertebrates, as contrasted with the quickness 













whose melanophores are very irresponsive to in- 











termedine (Kleinholz, 1935). Notwithstanding 
this exception,’ the slowness of blanching as con- 
trasted with darkening, which appears to be com- 
mon to so many animals, may well be an after- 
effect of intermedine. 

In table 1, under erythrophores, are recorded 
the time-records of these red color-cells in two 
species of fishes. In the records here given the 
times for the color changes are the reverse of the 
usual ones for melanophores. In both the fishes 
noted the change from pale to dark requires more 
time than that from dark to pale. The activating 
neurohumors for erythrophores are as yet un- 
known. Possibly after they have been discovered 
an especially efficient one will be found that will act 
as a counterpart of melanophore intermedine in 
that it will activate vigorously the change from 
dark to pale instead of from pale to dark. In that 
case the residue of this material may well slow 
down the action of a darkening neurohumor. 
However, too few records for erythrophores are 
known to allow this suggestion to be more than 
tentative. 

When the melanophore time-intervals for elas- 
mobranchs and amphibians in table 1 are in- 
spected, they will be seen to be relatively long 
in that they are measured in hours or even days, 
in reptiles they are of shorter duration—mostly 
some minutes, but in teleosts they are very di- 
verse, ranging from the shortest of all melano- 
phore records, 10 seconds, to the longest of all, 20 
days. This last record, the time of change for the 
eel both in darkening and in blanching, is truly re- 
markable and stands out in strong contrast with 
all other records tabulated. It is probably not 
fairly comparable with what remains in the table, 
for it is reported by Neill to have been taken in 
water at approximately 8° C. It is well known 
that at this temperature melanophore activity falls 
off very considerably. Wykes (1938) states that 
at 6° C. the color activities of Ameiurus are at al- 
most full abeyance. It is therefore probable that 
the long time-interval for the color changes in the 
eel, as reported by Neill, is due to the temperature 
at which his work was done. At 8° C. the re- 
sponses of melanophores must be greatly slowed 
down as compared with what they are at 18° to 
20° C., the temperatures at which many of the 
other records contained in table 1 were made. 
Before leaving this general survey, it may be well 
to mention that for shortness of time none of the 
melanophore periods reach the extremes shown 
by the erythrophore records, pale to dark, which 
range from 8.5 to 2 seconds. 
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How are the time-intervals in table 1 related to 
the melanophore activating systems, humoral and 
nervous? This question cannot be answered with 
any fullness, for these systems are insufficiently 
known except in a limited number of the tabu- 
lated species. However, certain general compari- 
sons are possible. Although there are very few 
time-intervals recorded for the color changes in 
elasmobranchs, it is common knowledge that these 
fishes are unusually slow in such responses and 
are predominantly humoral in their melanophore 
activation. The same condition prevails among 
amphibians (table 1). On the other hand, in 
some fishes such as Fundulus, whose chromatic 
activation is almost purely nervous, the chromatic 
time-interval may be very short. It is occurrences 
such as these that doubtless influenced Hogben 
and others in their belief that humoral responses 
are slow and nervous responses rapid. Is this 
view substantiated by further comparisons ? 

As Waring remarks (1942), the uniformity in 
chromatic behavior met with in elasmobranchs and 
in amphibians is not to be seen in teleosts and in 
reptiles. Had this lack of uniformity in these 
two groups been subjected to’critical examination 
by Waring and by Neill, these investigators would 
probably have reached different conclusions from 
what they did. Among teleosts slow ¢hromatic 
responses, such as occur among amphibians and 
especially among elasmobranchs, are found in the 
eel (Neill, 1940), flatfishes (Osborn, 1939), and 
Phoxinus (Healey, 1940). In all these fishes 
darkening occurs in a day or more, which is well 
above the two-hour limit set by Neill and there- 
fore indicative of humoral control. Yet all the 
fishes named give evidence of the nervous activa- 
tion. of their chromatophores. Waring (1940) 
states that in the European eel the melanophores 
are directly innervated, a statement that I can con- 
firm from my own observations on the American 
eel. I feel fully assured of this conclusion not- 
withstanding the fact that in a subsequent publica- 
tion Waring (1942) makes what appears to be a 
qualified denial of his first declaration. Com- 
ments have already been made in this communica- 
tion on the very long chromatic time-period 
ascribed to the eel by Neill, but even if we suppose 
this period to be much shorter than that reported, 
this fish undoubtedly belongs to the slow type and 
yet it is endowed with chromatic nerves. If the 
eel is possessed of both nervous and humoral con- 
trol over its melanophores, as is presumably the 
case, the early steps in color change should be 
nervous and the later ones probably both nervous 
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and humoral. 


Such an interpretation would 
agree well with the plotting for this fish given by 
Neill (1940, fig. 3). In this 
does not appear to be inconsistent with nervous 
control. The flatfishes studied by Osborn (1939) 
also are slow in response, and though the total 
number of their chromatic activators has not yet 
been determined, they certainly include an adrena- 
linelike hormone and at least nerve- 
fibers, a plan of chromatic organization not wholly 
unlike that in the eel. Here again slowness of 
response and innervation occur together. The 
European minnow Phoxinus is also a fish of the 


instance slowness 


one set of 


slow type, its color changes requiring from one to 
several days. Its chromatic organization has been 
out by Healey (1940), who has found 
evidence for not only an adrenalinelike hormone 
Thus all 
the fishes discussed in this paragraph exhibit two 
very significant features ; they are beyond all doubt 
members of the slow type of color response and 
vet all chromatic These more- 
over are commonly associated with a chromatic, 
blood-borne 


wi irked 


but also for concentrating nerve-fibers. 


possess nerves. 


hormone. Such conditions are not 
favorable to a view in which nerves are regarded 
as the occasion of rapid chromatic responses. 
Animals recorded in table 1 and whose melano- 
phores show rapid responses are the teleosts Mol- 
lienisia and Fundulus and the lizards Anolis and 
Chamaeleo. In all these the pale to dark changes 
require some seconds or at most a few minutes. 
In no instance does a record reach 10 minutes, the 
top limit set by Neill for probable nervous co- 
ordination. The chromatic organization of Mol- 
lienisia, whose melanophores show the shortest 
period of response of those in any fish in the table, 
has never been determined. It is therefore impos- 
sible to state whether this fish possessed only chro- 
matic nerves or color hormones or a combination 
of both. In Fundulus, which is also a rapid fish, 
it is well known that hormones play little or no 
part in its normal color changes, which are brought 
about by almost purely nervous agencies. Here 
then is a good instance where, as has already 
been stated, rapid response and nerve action are 
associated. Among the lizards, however, the situ- 
ation is by no means so simple. In the chame- 
leons, whose type of color response is rapid, chro- 
matic nerves are known to be activating agents, 
but there is no conclusive evidence to show that 
hormones such as intermedine may not also be 
significant factors in the changes of these animals. 
Of the three species of Anolis recorded, all belong 


to the rapid type. Of these, Anolis carolinensis 
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has been very fully worked out by Kleinholz (1936, 
1938a, 1938b), who has shown in a most conclu- 
sive way that chromatic nerves are completely ab- 
sent from this form and that the one color acti- 
vator present is intermedine. On the discharge of 
this neurohumor into the blood of this lizard, it 
quickly darkens, and with the disappearance of 
this agent from its circulation the creature more 
gradually becomes green, its pale phase. It would 
be difficult to imagine a better example of a rapid 
chromatic vertebrate the exclusive activating color 
agent of which is a hormone. Thus the lizards 
include rapid hormonal as well as rapid nervous 
examples. 

In addition to the two types of color responses 
defined by Neill as rapid and slow, there is cer- 
tainly at least one other which has received no 
consideration from this investigator and yet this 
type is a perfectly obvious one. It is a type whose 
time period is of a length between the limits of 10 
minutes and 2 hours as defined by Neill, and which 
is represented in table 1 by such animals as the 
fish Ameiurus and the lizard Phrynosoma, not to 
mention other forms. In Ameturus, whose dark- 
ening requires about an hour and whose blanching 
takes a little over three hours, the chromatic ac- 
tivators are at least three: two darkening agents, 
cholinergic nerves and the hormone intermedine, 
and the blanching adrenergic nerves (Parker, 
1940). In Phrynosoma the activators are also 
three, the darkening agent intermedine, and the 
two blanching agents, concentrating nerves and a 
hormone probably adrenaline (Parker, 1938). 
Hence nerves as well as hormones are involved in 
the chromatic organization of both these exam- 
ples. In Ametwrus are active in both 
changes, and yet these changes require more time 
than the corresponding ones do in Phrynosoma, 
in which nerves are involved only in the change 
from dark to pale. It is difficult to understand 
what Neill would do with such intermediate in- 
stances as these, for they fail to fit into his clas- 
sification in any satisfactory way. 


nerves 


Perhaps it is 
best to leave them out of consideration altogether, 
as in fact he does. 

This discussion of the chromatic conditions ex- 
hibited by the vertebrates recorded in table 1 shows 
how difficult it is to come to a sound conclusion as 
to color changes and their activators in these ani- 
mals. That there is truth in Hogben’s contention 
that nervously controlled color are 
quicker than those under hormone influences can 
be shown experimentally. Thus if a 


responses 


blanched 











catfish with a blanched caudal band is put in a 
black-walled, illuminated vessel and allowed to 
darken, it will deepen in tint for an hour or so 
till it has reached a reasonably dark shade. Ordi- 
narily in such a process the body of the fish and 
the caudal band darken at the same rate, but not 
infrequently the band lags behind the body for 
some 15 minutes or after which the band 
catches up in tint with the body and proceeds 
farther at the same rate with the body as a whole. 
In no instance does the band darken more rapidly 
than the body. The darkening agents in this fish, 
as already stated, are two, the dispersing nerves 
and the hormone intermedine. Evidently in the 
catfish, since the innervated body often darkens 
before the denervated caudal band, the darkening 
nerves must precede in action for a short time the 
darkening hormone, which after a quarter of an 
hour or so invades and darkens the denervated 
band. Thus Hogben is justified in concluding 
that in color changes nerve action may be more 
rapid than hormone action. But this is far from 
justifying Neill’s declaration that a chromatic 
time-interval of the order of 10 minutes or less 
implies nervous co-ordination, and of 2 hours or 
more, hormonal co-ordination. Instances from 
table 1, already quoted and discussed in this com- 
munication, render this statement highly improb- 
able. What is shown by such a display as that 
in table 1 is that melanophores in particular ani- 
mals are in their times of response extremely 
diverse and are not controlled in these time- 
periods by one or other of the assumed two types 
of activation, nervous and hormonal. As can be 
seen well under the teleosts, these time-periods 
form a graded series, extended from extremely 
rapid instances to extremely slow ones and without 
evidence of a division into a rapid group and a 
slow group. This implies a diversity among mela- 
nophores which is not often kept in mind, for 
these color-cells are too commonly regarded as 
uniform in character. In this respect the term 
melanophore is somewhat misleading. That it in- 
cluded diverse types of cells can be shown from 
the fact that the intermedine contained in com- 
mercial pituitrin is very effective in dispersing the 
pigment in the melanophores of Ameturus, yet 
has little or no influence on that in the melano- 
phores of Fundulus (Kleinholz, 1935; Abramo- 
witz, 1937). Thus melanophores in different ver- 
tebrates must be differently constituted, a fact 
which in my opinion lies at the bottom of their 
varying times of response to given activators. 
This feature in melanophore stimulation is prob- 


SO, 
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ably of much greater significance in determining 
the chromatic time-interval than the way in which 
the melanophores are activated. This view of the 
situation makes it clear how one activator such as 
intermedine or adrenaline can elicit such diverse 
responses from the melanophores of different ver- 
tebrates. The term melanophore is somewhat like 
that of muscle, which included a variety of types 
ranging from the slow-acting smooth muscle such 
as is seen in a snail’s body to the extremely quick 
cross-striped muscle in an insect. In fact, the 
melanophore of Phoxinus may well be compared 
to the smooth-muscle elements of a snail, and 
those in Mollienisia to rapid insect muscle. From 
this standpoint rapidity and slowness in melano- 
phore action depend upon the nature of the mela- 
nophores concerned, and though activation of 
color-cells by nerves may be slightly more rapid 
than by hormones, the differences in time-intervals 
for melanophores, as shown in table 1, are very 
much more matters of the organization of the 
color-cells themselves than they are of their meth- 
ods of activation. 

This view of the time factor in melanophore 
response is in harmony with the recent advances 
in what is known of melanophore stimulation. As 
has been implied throughout this contribution, the 
distinction between nervous and hormonal activa- 
tion of color-cells lacks soundness. Chromato- 
phore excitation by nerves and by hormones is 
after all a single type of operation, for in both 
cases it is dependent upon the direct action of 
stimulating substances on the color-cells. In some 
instances these substances are produced by the 
nerve terminals in the given animal, and in others 
by glands of internal secretion. These substances, 
which have been termed chromatic neurohumors, 
are the real activators of the color-cells and their 
sources are quite secondary. In fact one of them, 
adrenaline, appears to come in some instances 
from nerves and in others from glands. Thus 
the distinction between nerve and hormonal acti- 
vation tends to disappear, to give place to a uni- 
fied plan of neurohumoral activation common to 
the nervous system in general. 
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SINCE immemorial ages man has felt the 
necessity of measuring time. Fortunately there 
are certain sense impressions which in our experi- 
ence repeat themselves, identical to themselves, 
and which correspond, on an average, to the 
same routine of consciousness. The alternation 
of day and night has been employed since the 
beginning of the history of man to register 
approximately the same sequence of sense im- 
pressions. A day and a night became the 
measurement of a certain interval of conscious- 
ness. 

This early method was improved in the course 
of centuries but basically it has remained very 
much the same. We rely, today, on the regular 
motion of the hands of our clocks, because we 
know that this motion is regulated by the 
motion of the earth around the sun. Assuming, 
moreover, as a result of astronomical experience, 
that the intervals, day and year, have a constant 
relation, we can throw back the regulation of our 
clock on the motion of the earth about its axis. 
We may regulate what is termed the ‘‘mean 
solar time”’ of an ordinary clock by an “‘astro- 
nomical time,’’ of which the day corresponds to 
a complete turn of the earth on its axis. 

And we admit that equal rotations correspond 
to equal intervals of consciousness. But this is 
entirely arbitrary, since we have no means of 
checking the perfect regularity of our timekeeper. 
If the earth were gradually to turn more slowly 
upon its axis, how should we know it was losing 
time, and how mvasure the amount? Wecannot 
assert that the hour, today, is the same interval 
as it was a thousand, or perhaps a million years 
back. Why should a year now represent the 
same amount of consciousness as it might have 
done a few million years back? The absolutely 
uniform motion by which alone we could reach 
an absolute measurement of time, fails us in 
perceptual experience. It is, like the geometrical 
surface, reached in conception, and in conception 
only, by carrying to a limit the approximate 
sameness and uniformity which we observe in 
certain perceptual movements. 
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On the other hand, we are permitted to think 
that, from the point of view of our senses and 
our consciousness, things can be different ac- 
cording to whether the cycle of existence is 
longer or shorter and according to whether the 
rhythm of the reactions is more or less acceler- 
ated. The value of time is different for a 
short-lived insect and for man, and we know 
that time ‘‘seems’’ to flow much more rapidly 
as we grow old. Have we any scientific proof 
that this is a mere delusion comparable to 
well-known sense delusions, or does it corre- 
spond to a biological reality? It is this question 
which I shall presently try to answer. 

As a consequence of extensive experimental 
research begun during the war of 1914-1918, we 
were able to show that the rate of cicatrization 
of wounds varied as a function of the age of the 
patient and of the dimensions of the wound. 
We succeeded in obtaining a simple mathe- 
matical formula in which one single coefficient 
expressed this double relationship. We called 
this coefficient the index of cicatrization and 
attributed the symbol 7 to it. 

In later years, when we were struck by the 
possible import of the existence of a physiological 
time, distinct from physical time, we realized 
that, in order to study the problem conveniently, 
it would be necessary to eliminate the influence 
of the size of the wound so as to deal with an 
element depending on age alone. We finally 
obtained such a coefficient in a very simple way, 
and we termed it the ‘constant of physiological 
activity of reparation.’’ It is related to the 
index of cicatrization in a very simple manner: 

(Constant of physiological activity of repara- 
tion) A = ivs, s being the surface of the wound 
expressed in square centimeters. 

Now this coefficient A varies very rapidly 
with age, in animals as well as in human beings. 
Its mean values, computed from a large number 
of human cases (about 600), are: 


Ages: 10 | 20 | 25 
A= 


| 30 | 32 | 40 | SO | 60 years. 
- | a | _ ———— —_ 
0.400|0.26010.225|0.198|0.188\0.144)0.103| 


0.08 
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It will be seen at once that it decreases very 
rapidly at the beginning of life, then more slowly 
as man becomes older. It is five times larger at 
of ten than at the age of sixty, which 
means that a wound of, say 25 square centi- 
meters, or roughly 4 square inches, which will 
take about 30 days to heal on a man twenty 
years old, will heal in 20 days on a boy of ten, 


and will require 100 days on a man of sixty. 


the age 


Moreover, we were able, by experimenting on 
cold-blooded animals (mostly alligators), to show 
that the rate of cicatrization depended, as almost 
all chemical reactions, on temperature; the higher 
the temperature (up to about 100 degrees 
Fahrenheit), the quicker the process. The tem- 
perature coefficient is very close to that of Van't 
Hoff. Therefore, it stated that the 
phenomenon of cicatrization is basically a chem- 
ical phenomenon; but the reactions which take 
place at the sixty are, at the normal 
temperature of 98.6° F., five times slower than 
at the age of ten. 


can be 
age of 


What does this exactly mean? Jt means that 


at different ages it takes different lengths of physical 
time to accomplish the same amount of work. 
Now, time can be measured by an amount of 
work performed just as well as by a velocity, 
provided we are reasonably sure that the speed 
remains constant. 
that the cicatrization varies 
in the course of a lifetime; this phe- 
nomenon cannot, therefore, be 


But we have just demon- 
strated rate of 
greatly 
used as a means 
of measuring time. On the other hand, we must 
remember that the standard time we are using 
is borrowed from the inanimate world. 
arithmetical But, obvious 
reason why we should rely on this conceptual 
time for measuring 


It is an 
time. there is no 
a living time, the time of 

born and which will die. 
All our reality is comprised between a cradle and 
a coffin. 


organisms which are 


he pace of our cellular life is more 
important to us than the eternally indifferent 
rhythm of the our own clock 
really measures our human time. We only know 
the outside world through the inside image built 
up in our brain by means of the reactions of our 
nerve cells. We are aware of the relativity of 
things outside of us. 


stars; chemical 


Why should we measure 
the pace of our reactions by means of a pure 
conceptual time? If we decide to interchange 
our standards and to measure the physical time 
by comparison with the phystological standard, 


we will find that physical time flows much more 
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rapidly towards the end of life than at the 
beginning, and that, instead of flowing arith- 
metically, it flows logarithmically like that of 
radioactive atoms. 

Is it not a fact of common experience that, as 
we stated at the beginning, time passes more 
rapidly as we grow old? Could it not be that 
this were not a delusion but a scientific, meas- 
urable fact? Careful experiments showed this 
to be true. The experimental work has been 
repeated and checked in this country by Pro- 
fessor Hoagland. Our appreciation of the rapidity 
of the flow of time depends just as cicatrization 
does, on the Van't Hoff coefficient of temperature. 
Thus the proof has been afforded that we possess 
inside of us a chemical clock which sets the pace 
of one of the most fundamental physiological 
activities, that of the reparation of tissues, and 
also determines the rhythm of our psychological 
activity. 

Since our early experimental work, other facts 
have been brought forth which show definitely 
that time manifests itself in living organisms by 
the slow accumulation of toxins in the blood, 
Thus we have a general idea of the mechanism 
of our chemical clock. 

| have no time to go into details, but I can 
say that the mathematical curve which expresses 
the variations of the constant A is almost 
identical with that which expresses the variation 
in our appreciation of the value of time based on 
a purely psychological test, namely, the fact 
that, to a baby five years old, one year represents 
one-fifth of his whole existence, while to a man 
of fifty, it represents only one-fiftieth. This is 
expressed by an equilateral hyperbola, while the 
variations of A are represented by an exponential 
formula. But between the age of 15 and the 
age of 80, the two curves are almost superposable. 
We can, therefore, with a satisfactory degree of 
accuracy, measure the real human value of one 
hour, of one day, or of one year, on the basis of 
the rate at which a man cicatrizes a wound at a 
given age, by means of the index of cicatrization 
or of the coefficient A. 

And this shows that, at the age of sixty, five 
hours of our existence are equivalent to one hour 
of the existence of a child of ten. In other 
words, in the course of 60 minutes of the time 
recorded by our clocks, a child has lived physio- 
logically and psychologically as much as the man 
of sixty would have in 5 hours. 

It is not surprising, therefore, that it is diffi- 
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cult to sustain the attention of a child for more 
than a few minutes: to him, ten minutes are 
worth 50 minutes of the older man, and every 
lecturer knows that it is hard to keep people 
interested for more than 50 minutes. 

Parents and children live in different temporal 
worlds. They are separated by a gap often too 
large to be bridged, even by illusions. Within 


the familial group the individuals should not be 
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separated by too great a temporal distance. 
The younger a child is, the richer his life in 
physiological and psychical values. Such a fact 
should not be neglected by educators. Every 
moment of the existence of a child must be 
utilized for his development. A clear realization 
of the enormous value of physical time for 
children would bring about a real progress in 
education and in the quality of individuals. 
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ABSTRACT 


The nomadism of E. burchelli, like that of the previously 
investigated type species 2. hamatum, arises through the 
daily raiding forays. Colony movements when they occur 
are the outcome of maximal raids, consequently appearing 
near the day's end in both species. Certain extrinsic fac- 
threshold of excitability in the 
When the latter condition is defi- 
cient, the raid is minimal or absent, and no bivouac-change 
movement appears. Light, 


stimulates raiding activities 


tors, together with a low 


colony, are essential 
as an extrinsic factor, not only 
at dawn, but also operates 
inversely 


dusk. 


raiding into bivouac change, since in the absence of photo- 


to account for the disappearance of raiding at 
The latter change is essential for the transition of 


kinesis the foragers readily submit to a movement emanat- 
ing from the colony center. ‘The afternoon reactivation of 
the colony, leading to a vigorous exodus, results from stimu- 
lative changes (probably atmospheric) supplanting condi- 
tions which retard through midday. These 
changes also occur when a colony is low in general excit- 


ability, but then are limited in force, and on the basis of a 


activity 


minimally developed raid can eventuate only in return to 
the same bivouac Thus the critical factor determin- 
absence of nomadic movement at a 
the internal condition of the 
Chere is no basis for the telic hypothesis that the 


movement of a colony is a reaction to scarcity of prey in 


site 
ing the presence or 


given time appears to be 


colony 
the zone of operations. Since the writer’s theory, based 
upon the column-raiding E. hamatum, is now found essen- 
tially applicable to the swarm-raiding E. burchelli despite a 
distinctive difference in the predatory behavior of these 
species, this line of explanation may well apply broadly to 
the Ecitons as a group 


INTRODUCTION 


FRoM the time the intriguing phenomenon of 
doryline behavior first came to scientific atten- 
tion (Anon., 1701), the transitory nesting and 
predatory activities of the legionary and army 
ants of this subfamily have excited wonder and 
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speculation. Unfortunately the problem long 
remained more than ordinarily obscure, because 
it abounds in inaccessible features and special 
impediments to systematic investigation. The 
characteristic elusiveness of doryline colonies led 
Bates (1863: 358) to say about Eciton hamatum of 
the Amazons region: 


| have traced an army sometimes for half a mile or 
more but was never able to find one that had finished 
its day’s course and returned to its hive. Indeed I 
never met with a hive; whenever the Eciton were seen, 
they were always on the march. 


Norton's (1868) experience was similar. Belt 
(1874: 24-25), who had somewhat better success 
in finding the temporary nest or bivouac of the 
army ants, indicated his impression of Eciton 
transiency in the statement: 


I think that £. hamata does not stay more than 
3-5 days in one place. They may be known by all 
the common workers moving in one direction, many 
of them carrying the larvae and pupae under their 
bodies. 


“Here today and gone tomorrow” 
characterization of doryline life. 

The general behavior pattern of these insects 
proves to be one of the most complex although 
stable and highly predictable group behavior 
phenomena known in the animal series. I nflu- 
enced by all the intimate aspects of colony biol- 
ogy and behavior, the Eciton pattern of raiding 
and nomadic activities seems to arise dominantly 
through unlearned agencies with a minimal in- 
fluence of habituation and learning. Few animal 
activity patterns confront us with the “‘instinct”’ 
problem in a broader and more impressively uni- 
tary manner. 

| have had the opportunity to undertake a 
systematic investigation of the Eciton problem as 
a case study in “instinctive behavior.’"' Atten- 


is a fitting 


! There have been four periods of investigation, all falling 
within the rainy season from May through September. 
The main part of the work has been field observations 
conducted in the tropical rain forest of Barro Colorado 
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tion at first was devoted mainly to field study of 
behavior in the type species, E. hamatum, leading 
to a theory of the Eciton pattern based upon the 
raiding expeditions and colony movements of 
this species (Schneirla, 1938). This raised the 
question of how well a theory based upon the 
ways of the type species might typify the Ecitons 
in general. Asa first step toward answering this 
question, the properties of mass organization in 
the swarm raids of E. burchelli have been explored 
(Schneirla, 1940), to reach an understanding of 
what is apparently the most critical species dif- 
ference in the Eciton predatory expedition, that 
between swarm-raiding and _ column-raiding. 
The contrast will be of assistance in the present 
study, which is devoted to describing and under- 
standing the basis of bivouac-change movements 
in E. burchellt. 

Observations the apparently transitory 
nesting and raiding behavior of the dorylines 
have led a number of writers, notably Lund 
(1831), Sumichrast (1868), Belt (1874), Miiller 
(1886), Vosseler (1905), and Wheeler (1910), 
to refer to the “‘drivers’’ of the Old World and 
the ‘‘army ants’ of the New World tropics as 
migratory. Probably the first to report having 
witnessed in Eciton behavior what he took to be 
a migration was Bates (Smith, 1855); the others 
mentioned above were similarly led to apply the 
term ‘‘migration’”’ to given doryline activities on 
the basis of their own observational experience. 
This general practice rests upon the long domi- 
nant impression that doryline colonies move 
about rather freely and have no permanent 
abode. 

On the other hand, on technical grounds Heape 
(1931) has denied the relevancy of the term ‘“‘mi- 
gration’’ for the dorylines, advancing instead 
“emigration,” since he believes that the colonies 
merely wander about, moving on when the sup- 
ply of booty has been exhausted within a given 
area. Fraenkel (1932) also, in his comprehensive 
review of insect migration, has expressed doubt 
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that the dorylines are truly migratory. For the 
Ecitons in particular, he regards the question as 
unsettled, as long as it is uncertain whether the 
ants have temporary nests merely and are con- 
stantly on the march, or have fixed nests to which 
they return from predatory expeditions until the 
vicinity is cleared of prey. 

It is plain that a serious difficulty exists in the 
interpretation of doryline behavior, apparently 
att:ibutable to an insufficiency of evidence con- 
cerning the conditions under which colony move- 
ments arise. More than that, a highly questior- 
able bias has prevailed toward regarding these 
movements as outcomes of depleted supplies of 
booty within a given area. 

In view of the deficiency of specific evidence 
which long existed, it is somewhat surprising to 
find that writers have been nearly unanimous in 
favoring the hypothesis of food shortage to ac- 
count for colony removals. This statement of 
Belt’s (1874: 17) is representative: 


Whilst the leaf-cutting ants are entirely vegetable 
feeders, the foraging ants are hunters, and live solely 
on insects or other prey; and it is a curious analogy 
that, like the hunting races of mankind, they have to 
change their hunting grounds when one is exhausted, 
and move on to another. 


A frequently cited proponent of the food-shortage 
hypothesis is Vosseler (1905), who observed the 
behavior of Dorylus and Anomma_ colonies 
(“‘driver’’ ants) of East Africa. The drivers, he 
thought, occupy a given site until the quantity of 
prey available in the vicinity of the nest no longer 
is sufficient to feed the members of the colony, 
whereupon the entire population moves to a new 
zone of operations. ‘The idea is offered in the 
following statement (p. 293): 


Ist der Umkreis des Nestes abgesucht, so werden 
ab und zu die ersten Gebiete noch einmal durch- 
stébert; reicht die Beute nicht mehr zu Ernahrung 
des Volkes aus, so muss es sich zur Auswanderung 
entschliessen. 


Vosseler seems to have been very positive about 
the matter, although he does not appear to have 
carried it beyond the status of a hypothesis sup- 
ported by general impressions. In his discussion 
one looks in vain for evidence to show how a food 
shortage might translate itself into colony re- 
moval, or even for preliminary data showing that 
a paucity of booty necessarily exists when colony 
movements occur. 

In essentially the same form, many secondary 
writers have adopted this hypothesis as their 
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explanation. 


The comments of Sharp (1899) 
and Arnold (1915), offered in connection with a 
taxonomic treatment of the ants, are representa- 
tive. Arnold puts the matter as follows (p. 110): 


Ranging far and wide in search of prey 
must or later 


, these ants 
sooner the area around their 
nests, and are forced to remove the latter to new and 


more productive hunting grounds. 


exhaust 


It is apparent that the idea of doryline colony 
movements being geared to the supply of acces- 
sible booty has had a wide circulation, despite its 
uncertain basis in fact. 

A variant of this hypothesis was offered by 
Miiller (1886), who from the study of an Eciton 
burchelli colony suggested that an increased need 
for food when larvae were present 
could lead to more pillaging activity than at 
other times. This application of the food-supply 
hypothesis to the explanation of differences in 
raiding appeared to follow from his observation 
that when food-consuming larvae were present 
the predatory expeditions 
frequent. 

Of greatest interest here is Miiller’s differentia- 
tion between raiding activities and the colony 
removal. 


voracious 


were large and 


To account for the colony movement 
(or, in the reverse scise, for failure to move) he 
really offered two mutually complementary hy- 
potheses: one of them a postulated colony food- 
need depending especially upon the condition of 
the brood, the other based upon an assumed 
difficulty of transporting a fertile queen. Al- 
though, as I have suggested (1938), Miiller seems 
to have been exceptionally close to the essence of 
the phenomenon, he was far from reaching an 
explanation. Both of his assumptions are teleo- 
logical, and the process of neither is self-evident 
from the assumptions; furthermore, the assump- 
tions may be wrong. 

In view of the lack of tangible evidence sup- 
porting the food-shortage hypothesis, | have not 
been greatly surprised to find my own results 
leading toward a rather different explanation. <A 
summary of the findings for #. hamatum in the 
earlier part of this investigation (Schneirla, 1938) 
may help to clarify this issue and also serve as a 
background for the E. burchelli study. 

E. hamatum may be termed a column-raider 
since its raiding forays, like those of certain less- 
known species (e. g., E. (Labidus) crassicorne), 
involve the development of branching chemical 
trails followed by narrow columns of ants. Al- 
most from the beginning of the raid at the first 
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daylight one observes the growth of treelike 
systems of narrow trails, each having as its trunk 
a principal trail which lengthens as secondary 
trails drop out of use and new ones form pro- 
gressively farther from the bivouac. From one 
to three of these trail systems are formed accord- 
ing to conditions, with the Ecitons passing along 
the principal trails in both directions between the 
bivouac and distant foraging zones. 

At certain times for a succession of days the 
raids are incompletely developed, generally form- 
ing then only one trail system, from which the 
ants withdraw to the bivouac at the day’s end. 
In contrast, at other times for days in succession 
a colony may regularly stage extensive and 
heavily populated raids, generally with three 
trail systems springing up afresh each day. The 
raiding foray is then transformed during the late 
afternoon into a colony removal; the entire popu- 
lation of the colony passing through one of the 
trail systems to a new bivouac site somewhere in 
its outskirts. It was a movement of this kind 
witnessed by Bates (Smith, 1855) in Brazil, an 
unbroken hamatum procession headed in a single 
direction, which he distinguished from predatory 
activities and termed a migration.’ 

Although the relationship between raiding 
activities and the removal or bivouac-change move- 
ment is not readily perceptible from the bare 
facts of behavior, the evidence for E. hamatum 
has led me (1938) to conclude that a significant 
relationship exists. As the following summary 
suggests, the development of a hamatum raid 
involves numerous events which may be regarded 
as prerequisite to the occurrence of a colony 
removal at the end. This résumé concerns 
maximally active raiding, which leads predictably 
to that outcome. 


1. In hamatum active raiding begins with the first 
daylight, expanding during the morning into two or 
three trail systems (as compared with a single trail 
system when minimally active). 

2. At midday there is a marked reduction in the 
population of the raid, and the advance of predatory 
activities is retarded considetably. 

3. This interval of lethargy ends with a notable 
resurgence of new recruits from the bivouac and a 
general revival of vigorous raiding activities during 
the early afternoon. 


In this paper the terms ‘“removal’’ and ‘“‘bivouac 
change”’ will be used synonymously for any movement of a 
colony from a given nesting site toa new one. The ques- 
tion whether the concept “migration” is applicable to 
Eciton activities will be reserved for later consideration. 

















STUDIES ON THE ARMY 


4. Leaving the bivouac, ants in the new rush tend 
to respond differently to the three principal trails. 
Factors are: (a) a differential chemical saturation of 
the trunk routes (especially in booty chemical) at 
the bivouac; (>) physical factors affecting accessi- 
bility of the given route; and (c) interference by 
returning traffic with outgoing traffic. 


sé 


5. Raiders returning on ‘‘non-favored”’ trails may 
pass inward to the bivouac relatively unopposed. 
At the home site numbers of them are drawn directly 
into the outward rush on the ‘‘favored” trail. To- 
ward dusk, as raiding activities decrease, this drift 
becomes increasingly prominent. 

6. Occupants of the bivouac, progressively excited 
by the activities of departing ants, thereby are drawn 
into the growing exodus through tactual and chemi- 
cal stimulation—a ‘‘drainage’’ process. 

7. The growing exodus blocks the return of ants 
from the periphery of the ‘“‘favored”’ trail system, 
gradually enforcing a more complete outward 
orientation of traffic on the entire system. Other 
systems then “drain” more readily into this one. 

8. The movement continues until all of the ants 
have been evacuated from the other trail systems and 
from the bivouac into the “‘favored’’ system. At 
some time during the night the colony settles into a 
new cluster at a site generally about 200-300 meters 
from the location of the abandoned bivouac. 


These are the highlights of behavior in the 
biological type species, as far as group move- 
ments outside the bivouac are concerned. From 
these facts | have concluded (1938) that external 
behavior circumstances essential to the colony 
removal can arise only through raiding. This 
means that the investigation of such movements 
should begin with studies of the raiding process, 
aen should advance to colony conditions under- 
lying raiding. The first of these problems con- 
cerns us here; the latter will be considered in a 
subsequent article. 

In order to broaden the investigation, it is 
desirable to find how far the described pattern of 
relationships existing in the type species may 
apply to the Ecitonsin general. However, it has 
been neither feasible nor essential to investigate 
many species in turn with the object of generaliz- 
ing the theory. The advisability of selecting the 
next step with care is apparent from this state- 
ment of Sharp’s (1899: 174): 


The workers of the Dorylini at present known are 
without exception quite blind, and are believed to be 
all of predaceous habits; it is thought by some that 
they have no fixed abodes but, like the Ecttoninz, 
frequently change their residence, and it has been 
suggested that in doing so they make use of the nests 
of other ants as temporary abodes; all these points 
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are, however, still unsettled, and as there are several 
genera it is not unlikely that considerable variety 
will be found to prevail. 


Thus, in dealing with the Ecitons, the temptation 
to generalize from a given species should be tem- 
pered by the thought that more than 100 of them 
are known, presenting many striking and rather 
perplexing behavior differences. Indeed variety 
does prevail, as Sharp points out, yet beneath the 
many striking species differences there appears to 
lie the common basis of a characteristic Eciton 
behavior pattern. To attack this problem most 
directly, it seems preferable to concentrate upon 
a species which differs critically in some broad 
aspect of behavior from the species first studied. 

This calls for a wide inspection of behavior 
among the groups of American dorylines. One 
prominent difference among Eciton species is that 
some are ferrestrial—essentially confining their 
raiding and bivouacking to the surface—whereas 
others are hypogeal—at least partially subterra- 
neous in their raiding and predominantly so in 
their nesting. Common examples of the former 
are E. hamatum and E. burchelli of the subgenus 
Eciton s. str.; of the latter, E. praedator and E. 
crasstcorne of the subgenus Labidus. This habi- 
tat difference, although striking, is apparently 
less significant for our investigation than a wide 
difference in raiding which impressed Bates 
(1863) in his observations of Brazilian species. 
There are column-raiders, whose predatory expe- 
ditions have treelike systems of narrow branching 
columns ending in small foraging groups; and 
swarm-raiders, whose forays are headed by rela- 
tively enormous unitary groups or swarms with 
a distinctive patterm of secondary columns 
(Schneirla, 1940). The latter species difference 
exhibits many striking features-of evident bio- 
logical importance, such as a much wider assort- 
ment of prey in the swarmers than in the column- 
raiders, and the far more frequent attendance of 
ant birds and of flies upon the former, to mention 
only one or two. 

In view of the significant relationship between 
raiding and bivouac-change movements dis- 
covered in the type species, the best promise for a 
study of the latter phenomenon and of the group 
behavior pattern in general seems to lie in a com- 
parative study of predatory activities. Accord- 
ingly FE. burchelli, which like E. hamaium is ter- 
restrial but in its capacity for massive pillaging 
expeditions differs sharply from the type species, 

offers itself as an opportune subject. 










































































































RESULTS 


SWARM RAIDS ENDING IN BIVOl 


MOVEMENTS 


\C-CHANGE 


Observations were carried out in detail on more 
than burchelli raids, all of them 
maximally developed, ending in colony removals 
to new bivouac sites.? Then the notes from these 
cases were sifted to discover which events were 
common to all, whether such events occurred in a 


twoscore E. 


characteristic or describable sequence, and how 
they might be interrelated. Collation of these 
results with evidence from special tests gives the 
following representative account of daily events, 
arranged to indicate the order and the manner in 
which major developments predictably occur 
under the given conditions. 


Phases in the Development of Maximal Raiding 


1. The initial period of outgoing traffic.—At 
daybreak there begins an exodus at first limited 
in scope but soon accelerating in numbers and in 
area covered by the radially expanding masses. 
A raiding body or distinct swarm presently takes 
form and begins an advance away from the bi- 
vouac, generally keeping surprisingly well to a 
given direction of progress once it is under way. 
Within three hours (7. e., by about 9:00 a. m.) a 
well-populated raiding system exists, headed by 
a large swarm behind which a complex fan-shaped 
network of columns tapers down to a single prin- 
cipal trail leading to the bivouac. This charac- 
teristic burchelli raiding system is represented in 
figure 1. 

As the raid grows to great proportions, events 
The 
magnitude of the expedition by midmorning re- 
sults in the raiding swarm and consolidation fan 
becoming very 


in the forward zone become very complex. 


unwieldy and disorganized, so 
that in the course of time the main body divides 
Asa 
consequence of this fission of the raiding mass, 
there appears at the place where it occurred a 
major forking of the surviving ~rincipal trail, 


into two subswarms and perhaps more. 


* The term ‘‘maximal’”’ will be used to denote predatory 
expeditions which are clearly superior in their development, 
in contrast to the term ‘“‘minimal” used for those which are 
at a low point of development. Ordinarily the two classes 
of raids are readily distinguishable in the same colony at 
different times through externai signs such as size and 
extent of swarms, the presence or absence of major swarm 
division, and the perimeter of the invaded zone at corre- 
sponding times of day. This difference in burchelli raids 
was noticed by Miiller (1886). 


C. SCHNEIRLA 





each branch trail leading to a distinct subsystem 
of the raid. This major change generally is 
recognizable at about 10:00 a. m., within 40 to 60 
meters.of the bivouac. In a previous study of 
organization in the burchelli raid, | have offered 
(1940: 409 ff.) an analysis of these early develop- 
ments. 

Since the principal trail is the sole line of com- 
munications between the burchelli bivouac and 
the raiding front, focussing attention upon its 
traffic conditions through the day gives the best 
insight into key events preceding the eventual 
bivouac-change movement. 

2. The morning period of mixed traffic.—Vari- 
ous writers and especially Bates (1863) have 
reported that in the main column of the Eciton 
raid one sees two trains of ants running in oppo- 
directions. However, this holds only at 
given times of day. Outgoing traffic generally 
monopolizes this route during the first few hours 
of raiding. At first in the burchelli raid, generally 


site 


Fic. 1. Sketch of a burchelli raiding system made between 
10:30 and 11:15 a. m., after about 5 hours of raiding. 
S, swarm (now approximately 55 meters from the 
bivouac, and about 12 meters wide); S;, subswarm; F, 
fan, or network of consolidation columns; P, principal 
trail; Biv, bivouac (in inclined hollow log). 
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until about 9:00 a. m., few ants are seen running 
toward the bivouac, and those that progress any 
distance against the outgoing stream make their 
way with difficulty at the sides of the column. 


Then a change gradually appears. Observing 
events within a given section of the principal trail, 
one sees first occasionally and then more fre- 
quently the domination of this stretch by ants 
headed toward the bivouac. As the morning 
advances there are increasingly frequent bursts 
of homeward-bound traffic, with a prevalent 
locomotor friction between oppositely moving 
travellers which accounts for hectic traffic condi- 
tions. The swelling inbound movement inevit- 
ably forces travellers running oppositely, after 
numerous head-on encounters, to journey with 
difficulty at the border of the trail or to turn 
around. 

3. The period of predominantly inbound traffic. 
—Gradually the main direction of travel becomes 
reversed: a change first apparent in the section 
of trail just behind the fan, then in time extend- 
ing progressively closer to the bivouac. As a 
rule, the principal trail is monopolized after 
11:00 a. m. and through noontime by homeward- 
bound ants. Booty-carriers are common after 
10:00 a. m., but among them are always unladen 
individuals, sometimes a considerable number of 
them in succession. Many of these come from 
the raiding front, especially from groups remain- 
ing in the wake of the swarm engaged in ‘“‘mop- 
ping-up”’ operations; large numbers of them come 
from short branch trails which undergo evacua- 
tion only after the main scene of pillaging has 
shifted to distant areas.‘ 

4. The ‘‘siesta’’ period—Through midday, 
generally from around 12:00 m. until well after 
1:30 p. m., there is a noticeable fall in the vigor of 


‘ The source of this homeward movement appears to be 
complex. ‘There is no encouragement in my experience for 
the supposition that laden ants immediately distinguish 
the general direction of the bivouac—the typical variability 
of their initial wanderings together with other circum- 
stances suggests that the process is very indirect. How- 
ever, there is a little evidence that sometimes at trail 
junctions, especially near the base of the fan and on the 
principal trail where routes have been longer in use, booty- 
carriers turn more frequently into the alternative pre- 
senting the greater saturation of booty chemical—hence 
toward the bivouac. This may be a simple learned dis- 
crimination (Schneirla, 1940: 456f.). There are clearer 
influences, such as the fact that most branch trails are 
directed toward the bivouac, so that for ants leaving them 
the bivouac-ward turn is at an obtuse angle and is physi- 
cally favored, whereas the turn outward is at an acute angle 
and therefore opposed by the mechanics of movement. 
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activities at the bivouac and through the raiding 
system. The ants appear less energetic, raiding 
in smaller numbers with deficient co-ordination in 
their raiding masses. At the bivouac general 
activity falls greatly, ants move about rather 
torpidly, and relatively few depart on the priti- 
cipal trail. This “‘siesta’’ phenomenon is a 
highly predictable event for the midday period in 
general, one which is in effect rather widely 
among insects and other forest animals. 

On the principal trail itself at this time traffic 
heads mainly toward the bivouac. The ants 
move at a steady plodding pace, unlike the rush- 
ing hectic movement of preceding hours, and 
relative positions in the column are not exchanged 
very frequently. Few new recruits pass outward 
into the raiding zone. 

With ants departing toward the bivouac re- 
placed by few newcomers, the general population 
of the raiding system shrinks during this period, 
with signs that the general area covered by the 
raid has contracted considerably. Although the 
subswarms continue their advance, flushing out 
and appropriating small life from the underbrush, 
circuitous and variable movement predominates 
instead of a direct advance of the whole body with 
effective co-ordination of sections as_ before 
(Schneirla, 1940: 426 ff.). 

Daily, through noontime and early afternoon, 
the burchelli raid undergoes an ebbing of its vigor. 
Recovery from this midday period of depressed 
activity occurs gradually, as is the case among 
the forest animals generally. As it develops, the 
recuperation of activity in the colony leads to 
general behavior changes in the raid which really 
constitute a distinctive series of events, and de- 
mand treatment as such when their significance 
for the ultimate bivouac-change movement is 
considered. 


AFTERNOON DEVELOPMENTS LEADING INTO A COLONY 
REMOVAL— 


5. The afternoon resurgence of activity.—In the 
early afternoon, generally before 2:30 p. m., there 
is a pronounced general quickening of activity. 
Everywhere the Ecitons move in a more lively 
manner; at the bivouac an increased excitement 
is perceptible, and in outlying zones there is a 
greater energy in trail-running and in raiding. 
The renewed stir and bustle about the bivouac, 
reminiscent of the morning arousal, contrast 
markedly with the noontime lethargy preceding 
it. 
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Soon from the bivouac a stream of ants is ob- 
served which, although generally thin and inter- 
mittent at first, becomes an important factor in 
the raid. Once begun, this exodus continues in 
one or another manner through the following 
hours, resuming even after a heavy downpour has 
interrupted it. It is as though irrevocable forces 
were at work, compelling the bivouac cluster to 
expel its contents into the environs. 

We shall see that this renewed outpouring of 
the ants furnishes the basis for a complete re- 
moval of the colony, although the manner in 
which it does so is generally very complicated. 
lo understand the eventual development of a 
bivouac-change movement from this beginning, 
it is necessary to trace carefully the history of the 
interaction between the afternoon exodus and 
events on the existing raiding system. 

6. The midafternoon conflict in traffic-——Through 
the “siesta’’ period there is continued though re- 
duced travel on the principal trail, as a rule mov- 
ing predominantly toward the bivouac. The 
outsurging of newcomers from the bivouac which 
then sets in generally breaks up the returning 
procession more or less, so that presently one 
observes that traffic conditions near the bivouac 
are becoming complex and variable. This con- 
flict on the principal trail increases in time, 
gradually spreading to involve sections of the 
route farther from the bivouac. The increase in 
degree and extent of this traffic confusion (at 
times constituting a veritable ‘‘traffic jam’’) is 
due not only to the fact that swelling numbers 
from the bivouac take the one available route, 
but also to a general increase in peripheral activ- 
ity which sends in larger numbers of laden and 
unladen ants from outlying areas. Outgoing 
ants collide pellmell with homegoers, the latter 
in turn obstructing the passage of those leaving 
the bivouac and breaking their column, with the 
result that traffic on the trunk line at this stage 
generally fluctuates considerably and may be- 
come very unstable. 

7. Conditions influencing the direction of the 
bivouac-change movement.—The inevitable con- 
flict between the persistent outward rush and the 
homegoing movement may have one of two prin- 
cipal outcomes, depending upon circumstances. 
lf outgoing traffic gains the right-of-way, the 
colony removal develops in a very different man- 
ner than if returning traffic holds sway on the 
principal trail. The former possibility is the 
more frequently observed of the two, and will be 
considered first. 
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7a. Conditions under which the afternoon exodus 
holds the principal trail—The afternoon egress of 
ants from the bivouac generally continues more 
or less steadily, subject to temporary interruption 
only by occurrences such as a torrential rain. 
Typically between 2:00 and 4:00 p. m. it gains an 
increasingly extensive dominance over the prin- 
cipal trail, and eventually monopolizes this route. 
After the initial period of mixed traffic there 
usually follows toward midafternoon an interval 
in which the outgoing procession mainly controls 
matters but is occasionally broken by limited 
numbers of returning raiders. Gradually, then, 
the Ecitons that succeed in working their way 
through to the bivouac are reduced to a mere 
trickle as the outgoing column begins to usurp 
the entire width of the trail. Subjected to a 
steady pelting of tactual stimuli from the out- 
going procession, rising to frequent buffeting 
from actual bodily collisions, the homegoers are 
soon forced to turn back toward outlying zones 
where raiding continues. As the afternoon 
wears on, the dominance thereby effected for the 
outward movement on the principal trail is per- 
ceptible at progressively increasing distances 
from the bivouac. 

The traffic conflict first observed near the 
bivouac is later duplicated at the first major trail 
division and at more advanced points. In these 
places also there is first a protracted period of 
mixed traffic, when groups running in opposite 
directions get through intermittently despite 
mutual interference. Then there comes a time 
when the steady outward press of ants reaches a 
given trail-division and dominates it, so that most 
of the bivouac-bound traffic on branch trails is 
thenceforth forcibly turned back and diverted 
into peripheral routes. The following repre- 
sentative instance illustrates this development. 


On the four days preceding this observation the 
colony in question had staged extensive raids, each 
terminated by removal toa new site. On August 20, 
when these observations were made, the colony be- 
gan its foray by swarming over the skeleton of a huge 
fallen tree. There occurred about 10:15 a. m. a sec- 
ondary division of the swarm (fig. 1), leaving a 
branch trail that persisted not quite two hours, and 
at about 11:00 a. m. there was a primary swarm divi- 
sion resulting in the formation of a prominent forking 
of the principal trail which persisted throughout the 


5 These contests of forces at strategic trail-division points 
differ only in secondary ways from the ‘‘struggles’’ pre- 
viously described for hamatum raids (Schneirla, 1933: 277 
ff.; 1938: 72 f.). 
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Fic. 2. Sketch of a burchelli raiding system (cf. fig. 1) 
to show conditions existing between 5:30 and 6:00 
p. m., when the bivouac-change movement is well 
under way. Biv, bivouac; P, principal trail; A, B, 
and C, successive major trail-division points on the 
route of the developing movement. Arrows indicate 
the predominant movements of traffic on the various 
trail segments (see text, sec. 7a). Minor branchings 
of peripheral trails are omitted. (Contour interval, 
6 meters.) 


day (A, fig. 2). This main division point, which was 
about 5 meters from the bivouac, turnished the 
principal setting of the following notes. Its outward 
branches A—1 and A-2 are viewed in figure 2 as the 
upper arms of a Y. The report begins with notes 
taken in midafternoon, centering upon events at 
junction A. 

3:30 p. m.—After about 1} hr. of the afternoon 
reactivation, ants pass from the bivouac in an almost 
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unbroken procession, singly or two abreast at times, 
but mainly in a column 2-3 cm. in width. Along the 
principal trail up to the first division point A more 
than four-fifths of the travellers are headed outward. 

At trail division A confusion prevails, with pressure 
from outgoing traffic mainly dominating the course 
of events. As a result at 3:40 p. m. relatively few 
returning ants can pass this trail-junction point to 
approach the bivouac. Many of those interrupted 
at the junction A have stopped there, forming two 
irregular clusters with caches of booty near by. 

At A there are only 2 or 3 shuttle trails remaining 
from the trail anastomosis which developed during 
a traffic impasse about 3:00 p.m. These short trails 
wind across from A-1 to A-2, but at the present time 
are not followed by many of the ants. (Trail net- 
works are likely to develop in burchelli raids when 
major traffic disruptions arise, through the forcing of 
blocked travellers in numbers from the regular routes. 
Frequently they persist in use to such an extent that 
subsequent events are greatly complicated by the 
variable roles which their auxiliary routes may play 
as influences upon general traffic.) In the present 
instance the subsidiary trail network died away 
without becoming an important factor in the course 
of events. 

On branch trail A-1 traffic is somewhat broken at 
present, although short outgoing processions are pre- 
dominant. Trail A-1 has two main branches farther 
out: at 4:00 p. m. branch B-1 leads to a tree in which 
foraging continues; branch C-1 leads to an active 
swarm now about 5 meters in width, with flies over- 
head and ant birds roundabout; and branch C-2 leads 
to an area of thicket in which a loosely organized 
swarm of uncertain boundaries seems to be stirring 
up a considerable amount of prey. 

On branch trail A-2 at 4:10 p. m. traffic moves pre- 
dominantly toward junction A (?.e., toward the 
bivouac). Some of the returning ants in short pro- 
cessions are able to turn into principal trail P and 
force their way at least a short distance; however, 
most of them are diverted into branch A-1 or are 
detained at A, where a few huddled groups have 
formed. 

4:30 p. m.—On principal trail P outgoing traffic 
now predominates all of the way to division A. The 
column is definitely wider past A than at 4:00, with 

few narrow stretches. Not many homegoers are to 
be seen other than an occasional short line of them 
which forces its way with difficulty at the margins of 
the trail. Callows are numerous in the wide pro- 
cession almost to division A, although at first num- 
bers of them emerging just after 4:00 were reversed 
by traffic impedances near the bivouac. 

This wide column turns mainly into branch A-1 
and dominates that trail for some distance beyond its 
source. At times a short procession turns at A from 


the exodus into branch A-2 and interrupts the move- 
However, traffic on 


ment toward A on this route. 
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A-2 from its division O inward moves largely toward 
A, where it is swept almost entirely into branch A-1 
by an evident pressure from the bivouac exodus. A 
quick inspection of the outskirts shows that the two 


chief branches of A-2, trails X and Y, are feeding 
back a steady supply of returning foragers, with 
numerous booty-carriers among them. 

4:45 p. m.—At trail division A the wide procession 


now arrives steadily from the bivouac, with callows 
in large numbers as well as workers laden with Eciton 


larvae and the 
Turning without much 
interruption directly into trail A-1, this stream loses 
few ) 


miscellaneous booty (returned to 


bivouac earlier in the day). 


very strays to A-2, 


its Mass now sweeping the 
A-2 homegoers more smoothly than before with it 
into A-1, 

5:15 p. m.—On branch trail A-2 traffic moves pre- 
dominantly inward toward junction A, fed especially 
from trail X which for the most part is undergoing 
evacuation. However, on trail ¥ conditions grow in 
complexity toward the outskirts, with desultory raid- 
ing continuing at various trail ends, particularly in a 
small swarm at Z. (This trail finally was the last 
of all to evacuate its population through route A-2 
and junction A into the outward movement on route 
A-1.) 

5:45 p. m.—A wide column from the bivouac source 
flows unbrokenly where it con- 
A-2 with it into trail A-1. 
Continuing as a broad procession past division B, 


through divison A, 
tinues to drain ants from 


the exodus there sweeps along in its mass an uneven 
fle of evacuees from trail B-1, passing without any 
important interruptions into trail B-2, which it now 
clearly monopolizes. About midway between points 
B and C, however, the procession gradually narrows 
and begins to undergo interferences, with stoppages 
here and there resulting in clusters of ants with heaps 
of booty the trail. conditions are 
mainly due to a narrow but steady procession which 
is evacuating branch trail C 


beside These 
-1 to pass largely into 
trail B-2 and directly oppose the vanguard of the 
outward movement on that trail. Ecitons from both 
B-2 and C-1 are entering branch C-2 in sufficient 
numbers to form a narrow column moving outward 
on that route, through a jungle in which (at 6:10 
p. m.) they cannot be tracked. 

6:25 p. m.—At this time the route of the bivouac- 
change movement, which is now well under way, may 
be readily traced from the bivouac through trail 
A and B, and onward toward C. 

(At 9:15 p. m. the new bivouac was well formed 
under matted vines beside trail B-2 close to division 
C, with a wide column arriving from the old bivouac 
via A and B, a narrow column returning from trail 
C-2 partially laden with booty, and no trace of C-1.) 


divisions 


This is the usual burchelli way of effecting a 
colony removal. Gradually the exodus resulting 


from afternoon reactivation takes over the prin- 
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cipal trail, although never without countless 
traffic interruptions and much confusion of move- 
ment, particularly at trail-division points. The 
general picture is one of complex interaction be- 
tween an outward march from the bivouac and a 
movement of returning processions of raiders, 
with the latter giving ground and becoming 
reversed by degrees. When the outgoing stream 
reaches the first main trail division in force, this 
becomes the scene of a see-saw movement which 
often persists for a considerable time before the 
procession can turn steadily into one branch or 
the other. Thus it advances through the es- 
tablished trail system, with the certainty of 
further opposition of similar nature en route and 
at successive outlying forks of the trail. 

As a rule, once the exodus controls right-of- 
way at the first main trail divison (fig. 2, A), a 
bivouac-change movement through the day’s 
raiding system may be safely predicted. How- 
ever, when such dominance is strongly and con- 
sistently opposed, the final outcome may be very 
different from that described above as typical for 
burchellt. 

7b. Conditions under which incoming traffic 
dominates the principal trail——In the critical 
afternoon period, the pressure of foragers return- 
ing from peripheral zones is not easily overcome 
in any case, and at certain times it may even 
remain dominant over the principal trail so that 
new behavior circumstances are introduced. 
These conditions arise when the raids are espe- 
cially vigorous and well populated, with un- 
usually large numbers of foragers remaining in 
the raiding system and subswarms through noon- 
time. Then an inward press of traffic toward 
the bivouac develops promptly with the after- 
noon reactivation and, if sufficiently heavy and 
persistent, it may force the outward movement 
into channels other than the principal trail of the 
established raiding system. 

However, the exodus is not brought to an end 
even when inward pressure effectively opposes 
its discharge through the raiding system. Al- 
though not infrequently it may be stalled at the 
bivouac for some time by such opposition, it is 
only a matter of time before the outsurging forces 
take a different route. A case of this kind is 
represented in figure 3. Be 

Actually, this phenomenon bears more than a 
chance resemblance to the initial formation of a 
raid in the morning. As more and more balked 
Ecitons retreat from the principal trail and fur- 
ther recruits stream from the bivouac, a confused 
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Fic. 3. A sketch to show conditions between 3:30 and 
4:00 p. m. in the exceptional case of a burchelli colony 
removal diverted forcibly from the day’s raiding 
system (see text, sec. 7b). P, principal trail of the 
day; A, B, and C, division points from which branches 
lead to main raiding places in a large tree, a thicket, 
and ona hillside (across Shannon Creek), respectively. 
The system, now reaching more than 130 meters from 
the bivouac (Biv), is undergoing general evacuation, 
as the arrows indicate. P;, principal trail of the sys- 
tem newly developed in the afternoon resurgence; S, 
the advancing swarm, now more than 30 meters from 
the bivouac; X, a site about 90 meters from Biv where 
the colony will resettle during the night; Y, abandoned 
route of approach from bivouac of the preceding day. 
(Cf. fig. 2.) 


assemblage forms around the cluster, growing 
until it literally explodes into the environs in 
some new direction. Sometimes the new push 
starts as a radially surging mass which in time 
forms a directionalized swarm somewhat as in 
the early morning, although more rapidly; some- 
times the ants push rapidly out in a wide pseudo- 
podic column before a swarm takes shape. Fre- 
quently, sufficient familiarity with earlier events 
may permit identifying the starting path as a 
trail end of the preceding day or a new route 
abandoned early on that same day (Schneirla, 
1940: 412 ff., fig. 1-A.) The large numbers of 
recruits promptly available to this new pioneer- 
ing foray account for a rapid progress once it 
begins to push out from the bivouac. 

With the new foray well under way, it is not 
long, as a rule, before its drainage effect exerted 
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at the base of the bivouac causes foragers return- 
ing from the established raid to by-pass the bi- 
vouac and merge with this outgoing stream. In 
the course of time one observes that increasing 
numbers (both laden and unladen) returning 
from the raid are detoured past the home cluster 
in this manner. The enlistment of returning 
Ecitons of course facilitates the development of 
the new movement considerably, by adding to 
the pressure and persistence of the exodus and 
thus opposing the disruptive influence of the in- 
evitable return traffic. Hence this event consti- 
tutes the recognizable beginning of a general 
evacuation of the day’s raiding system, adding 
itself ic the exodus from the bivouac so that the 
entire process of colony removal is noticeably 
hastened. 

However, on occasion the new push may 
dwindle away after a time as Ecitons are drawn 
off at the bivouac source into the regular raid, 
through some change which has reopened the 
established principal trail to outgoing traffic. 
This may occur if an interruption on that route 
blocks off or reduces return traffic temporarily. 
A cause sometimes ovserved is the rerouting of 
branch-trail traffic at the first trail division, 
through a special complication such as the rush- 
ing of ants from one branch into the other (e. g., 
as from branch A-2 into A-1, in the system of 
fig. 2), which shuts returning ants off from the 
home route. The change may be set up experi- 
mentally by blocking off the returning foragers at 
a point between the bivouac and the first trail 
division, with a result similar to what occurs 
when the raid of another army ant colony 
chances to cut across the main burchelli route. 
Then, at the bivouac, numbers of ants promptly 
push into the cleared route; perhaps starting a 
movement which may continue into a colony 
removal on this line, in the manner described 
above (sec. 7a). 

8. Waning illumination and the abandonment 
of raiding.—Our distinction between the pheno- 
mena of raiding and bivouac-change is sharpened 
by the falling off of foraging which occurs regu- 
larly during late afternoon while colony removal 
continues. Beyond doubt the disappearance of 
predatory activities, rather precisely timed as it 
is, represents an important factor in furthering 
the general colony removal. 

The nature of this major change in the day’s 
behavior events is indicated by the following cor- 
related records on raiding activities and available 

illumination during the latter part of the day. 
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TABLE 1 


ONCURRENT RECORDS OF ILLUMINATION AND OF 


RAIDING ACTIVITIES IN A MAXIMALLY ACTIVE E 
DURING LATE AFTERNOON, 


. burchelli COLONY 
TAKEN JuLy 19, 1938 (BARRO CoLoRADO ISLAND)* 
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GENERAL BEHAVIOR 


During the past hour, three subswarms and various trail-end groups have been raiding 
vigorously. ‘The largest raiding body at this time is 5 meters wide and is about 125 
meters from the bivouac. 

Iwo subswarms under observation steadily decrease in size, as indicated by narrowing 
of the groups and shortening of their consolidation fans. Sample traffic counts at 
intervals indicate an increase in the number of ants running on peripheral trails. 

Further indications of decreased raiding 

Raiding activity much less prominent. 


The raiding bodies at trail ends are fast 
losing ants to the trails 


lhe subswarms have dwindled into small groups, the largest one now little more 
than 2 meters wide 

Little actual raiding can be detected, beyond a few small groups at trail ends. 
on most of the branch trails is now moving largely toward the trail junctions. 

Few instances of raiding observable; peripheral trails all crowded. General movement 
on one main branch is outward, reversed by the basal bivouac-change movement. This 
column ends in a small group of ants advancing rapidly. 


Traffic 


No instances of raiding seen. Small groups at trail ends push outward, or move about 


circuitously with some huddling. All peripheral trails are undergoing evacuation, ex- 
cepting two in the section toward which the bivouac-change movement is headed. The 
head of the wide outgoing column, now 60 meters from the bivouac, has forcibly reori- 
ented traffic on these trails toward the periphery. 


Conditions progress along the same lines. A few scattered instances of raiding are ob- 


served in the trail-end group advancing ahead of (7. e., forced along by) the exodus. 
The bivouac-change movement has advanced nearly 70 meters from the bivouac, hav- 
ing gained full right-of-way through three division points of the principal trail. Within 


the first 40 meters from the bivouac the column, here 3-4 cm. wide, is crowded with 
callows. 


Che surface of the bivouac is quiet, on the whole, with small groups of ants pulling at 
prey to be glimpsed here and there. At three places irregular columns of Ecitons, laden 
predominantly with larvae, appear from beneath the undercut lower border of the cluster, 
to merge on one side into the wide outgoing procession. Within 2 meters of the bivouac 
there are groups of burchelli workers huddled at intervals beside the trail. 

In the outskirts of the raiding system booty-carriers are numerous in the columns, on 
which traffic is mainly drifting toward the bivouac-change route. 
can be discerned. 


6:36 p. m. 
No raiding activity 
6:44 p. m. 


(Official sun- 
set time 


The bivouac-change procession may be traced as a wide column for more than 75 
meters from the bivouac. 


* 


The readings of light intensity were made by Dr. Orlando Park, of Northwestern University, and are used here 
& 7 a 


through his kindness. 


They were taken with a Macbeth illuminometer, the lowest scale-reading of which is 0.5 foot 
candles. 


Since the instrument was stationed near the bivouac where the forest was more open than in the advanced 
zone of raiding, the light readings run somewhat higher than they would have in the latter area at corresponding times. 


Che burchellt colony involved had carried out a 


regularity which indicates that failing illumina- 
bivouac-change movement on each of the two 


tion is basically responsible for the change in 


preceding days, and at the start of this record was 
beginning a further one after a day of maximal 
raiding. 

These results indicate that the falling off in 
raiding activity commonly observable during the 
two hours preceding sunset occurs in dependence 
upon a progressive decrease in light intensity 
during that period. A virtually complete cessa- 
tion of raiding at sundown, with swarm activities 
dropping out well before that time, occurs with a 


behavior. At dusk the ants just previously 

6 Evidence from special tests indicates that light intensity 
is highly important as a control of diurnal activity changes 
in these ants. Colonies of burchelli in the laboratory be- 
come inactive soon after they are shielded from light, and 
promptly stir into activity each time they are exposed to 
light. In the forest, morning arousal to raiding depends 
upon light (Schneirla, 1940: 409 ff.). One may say that 
they are highly photokinetic. 

Although atmospheric conditions cannot be excluded, 
there is no indication that they are essentially involved in 
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engaged in predatory activities are virtually all 
in the moving columns, some of them huddled in 
small clusters at trail junctions, very few still 


raiding. From that time there occurs a. slow 
evacuation of peripheral trails, a rather variable 
process based upon a gradual drainage of ants 
from these routes into the main bivouac-change 
movement (see sec. 7a, above) or toward the 
bivouac (see 7b, above). 

The change no doubt is to some extent an indi- 
rect consequence of the decreased activities of 
other insects, affording less movement-stimula- 
tion to the hunters; however, burchelli ordinarily 
flushes most of its prey through its own activities, 
and foraging could not be stopped through this 
change alone. In the absence of light the ma- 
rauders lose their daytime bustle and vigor; then 
they move lethargically, submitting rather pas- 
sively to stimulation from their fellows, a change 
which soon brings the former raiders into column 
aid channelizes their movements when under 
wuy. In the procession they seldom change 
places or move against the main stream of traffic, 
as frequently occurs in their daytime trail- 
following, but behave as though they occupied 
fixed places in line. 

This is the way Ecitons characteristically move 
in column when extrinsic influences are reduced 
to matters of the chemical trail and the stimula- 
tive effect of fellow travellers immediately before 
and behind in the procession (Wheeler, 1910; 
Schneirla, 1940: 421 f.). They run in the same 
plodding monotonous gait when in circular col- 
umns set into motion on glass in the laboratory, 
a result readily obtained by causing Ecitons 
running over a table top to follow the edge of a 
glass battery jar which is then removed. With 
the environment thus narrowed down, burchelli 
columns lose their variability of the day and 
merge their membership into a single massive 
pattern of movement. 

Thus we find the disappearance of light to be 
a key factor contributing to the full development 
of colony removal in a regular, predictable man- 
ner. Its influence leaves the situation fully ex- 
posed to the already focalized outward pressure 
from the bivouac. 

9. The final stages of colony removal.—By early 
evening the evacuative movement has become 





this particular behavior event. Concerning temperature, 
for example, on Barro Colorado Island during the month of 
July the representative change for the hour preceding 
sunset is less than 1.5° F., with a notable day-to-day varia- 
tion and on some days an actual increase during this period. 
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the chief activity of the colony. As newly in- 
volved colony members move from the cluster 
into the swollen procession, others are caused to 
move through the area of exit in a steady drift 
which presently brings them into the column in 
turn. This translation of motion, effective 
throughout the bivouac and along the trails, is 
an inclusive illustration of drainage (Schneirla, 
1938: 71 ff.; 1940). As such it depends upon the 
effects of chemically-saturated substratum and 
tactuo-chemical stimulation from nestmates 
roundabout. In this manner a_ continuous 
stream flows from the bivouac until the entire 
personnel of the colony (workers, ecitophiles, 
queen, and all) has become involved. 

Once on their way, the Ecitons move at a regu- 
lar plodding pace, much slower and less variable 
than their daytime trail running. The mono- 
tony of their slogging progress is especially no- 
ticeable when larva-carriers throng the wide 
column, a condition especially promoting stereo- 
typy of movement. The consistent holding of 
relative positions in the procession, with the 
regular pace and the persistent rhythmic beating 
of forward-directed antennae, emphasize that to 
chemical stimulation from the trail strip itself is 
added an enveloping pattern of stimulation from 
those roundabout which orients each traveller 
and stereotypes her movements. The uniform 
basis of stimulation through the column is indi- 
cated when a given section slackens pace mo- 
mentarily in’ traversing a difficult stretch of 
ground (e. g., the rough bark of a log) and the 
change of motion is forecast perhaps half a meter 
before the obstruction is reached, or when a 
noticeable acceleration of pace occurs in nearing 
an easy stretch of trail along which ants ahead 
are moving more rapidly. 

Much as the exodus generally comes to domi- 
nate the first principal trail division in late after- 
noon (see section 7a, above), the outward-moving 
stream subsequently reaches and forces its right- 
of-way through successive outlying forkings of 
the trail. At each newly encountered bifurca- 
tion, one alternative is taken over as an extension 
of the removal route, while traffic from the other 
branch is drained into the movement outward. 
After darkness finds raiding virtually at an end, 
the conflict of forces at newly involved trail- 
division points is more readily resolved than be- 
fore. With nightfall the exodus advances irre- 
sistibly through outlying parts of the trail- 
system, not only because it presses strongly 
through all traffic impedances, but especially be- 
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cause such opposition has largely disappeared. 
Gradually the scattered traffic lines and huddled 
groups are absorbed, either being drained into the 
outgoing procession through connecting channels 
or being forced to mingle as it pours through the 
trail segments. 

Circumstances in the establishment of a new 
bivouac by £. burchellt are much the same as 
those described for £. hamatuim (Schneirla, 1933; 
1938: 74 f.) 


need not be cliscussed here. 


The differences are secondary, and 
Clustering begins 
at places such as advanced trail divisions where 
disoriented wanderers have halted after dark, or 
where special stoppages of traffic occur, continu- 
ing bivouac formation when conditions of this 
nature are exaggerated. 

SWARM 


RAIDS ENDING IN 


SAME 


RETURN TO 
BIVOUAC 


THE 


(he essential factors underlying colony re- 
moval in this species may be thrown into relief 
by surveying cases in which raiding is not fol- 
lowed by a movement from the area but by with- 
drawal of the the same bivouac. 
The conditions of external behavior are the main 
subject here, with the role of factors intrinsic to 
the colony reserved for study in a later connection. 


It will become apparent that the sequence of 
events when 


raiders into 


colony removal fails contrasts 
strikingly with that already outlined for raiding 


which is followed by a change of bivouac. 


Phases in the Development of 
Minimal Raiding 


1. The morning initiation of raiding.—Burchelli 
colonies commonly pass through periods of suc- 
cessive days when the general assemblage seems 
underactive, less responsive than ordinarily, and 
especially slow to be aroused in the morning. 
Although after daybreak some activity is per- 
ceptible on the bivouac surface, increasing in 
time, the radial invasions of the surrounding area 
with which raids ordinarily begin are slow to ap- 
pear. An hour or more of daylight may elapse 
before many ants venture forth, and often one 
observes small groups eddying about on the 
ground even longer without noticeable develop- 
ments. Under these conditions the formation of 
a unitary swarm, when this is accomplished, is 
much slower and less efficient than during 
nomadic times, when a directionalized foray 
usually may be recognized within the first hour 
after arousal (Schneirla, 1940: 409 ff.). 
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More striking is the fact that on occasion no 
foray may occur, perhaps for days, as Miiller 
(1886) observed. It is even possible that no ants 
may appear on the ground, especially if the 
bivouac is well shielded from the light, as it is 
when the colony hangs within a hollow tree. Or 
a weak expansion may begin, without sufficient 
numbers to make a functioning swarm, and then 
gradually disintegrate as its personnel straggles 
back into the bivouac. 

The impression gained from watching the suc- 
cessful development of many raids is that a given 
number of ants must be involved if a swarm is to 
take shape and get under way. When the num- 
bers are insufficient and recruits slow to appear, 
the unorganized and scattered miscellany disap- 
pears after eddying about for a time at the base 
of the bivouac site. That conditions intrinsic to 
the bivouac are at fault, and not extrinsic condi- 
tions such as booty supply in the area, is clearly 
indicated by frequent instances in which a colony, 
remaining in place for days, may develop no raid 
on the day another colony of the same species, 
bivouacked near by and comparably situated, 
produces a magnificent foray. 

These observations would lead one to expect 
that when raids do develop under such condi- 
tions, they must be subject to prevalent limita- 
tions. That the raids of non-nomadic colonies 
are in fact considerably abbreviated is indicated 
by their smaller size and more limited scope of 
activities at given times of day in comparison 
with the energetic, more extensive raids of no- 
madic colonies. For instance, although at 11:00 
a. m. the foray of a nomadic colony commonly 
presents a swarm exceeding 10 meters in frontal 
width, and one or more subswarms, at that time 
the swarm of a non-nomadic colony seldom ex- 
ceeds half that size, and for the most part remains 
a unitary body. Circumstances all point to the 
conclusion that minimal raiding is a distinctive 
occurrence in colony life. 

2. A period of mixed traffic——lIt is interesting to 
note that traffic on the principal trail often 
reaches the confusion stage sooner under these 
conditions than when raiding is maximal. In 
the latter case outward traffic generally domi- 
nates until after 9:00 a. m., whereas in minimal 
raids not starting too slowly one frequently ob- 
serves that return traffic has begun to introduce 
complications well before that time. From the 
fact that smaller numbers of ants leave the 
bivouac, it is understandable that foragers can 
form a returning procession which disputes the 
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right-of-way sooner than in the large raids of a 
nomadic colony. 

3. A period of dominantly inbound traffic. 
though general behavior changes are not highly 
predictable when raids are small, a swing of 
principal-trail trafic toward the bivouac gen- 


Al- 


erally is evident before 10:00 a. m. Traffic con- 
ditions thereafter are variable as a rule, with 
outgoing traffic continuing despite interference 
from the inbound procession. 

Another sign of minimal raiding should be 
mentioned here. In the large raids which lead 
into bivouac change, the swarm typically be- 
comes so unwieldy during the latter part of the 
morning that it divides into subswarms (Schneirla, 
1940: 434 f.). In contrast, the definitely smaller 
forays occurring under non-nomadic conditions 
seldom exhibit swarm division, beyond a mere 
splitting away of minor groups raiding in re- 
stricted areas or in tangled vegetation. 

4. The ‘siesta’ period—The noontime depres- 
sion, already described for other conditions, char- 
acteristically involves a marked reduction in the 
size and progress of raiding in non-nomadic 
colonies. Usually there is poor organization in 
the swarm and an uncertain advance. Traffic on 
the principal trail is predominantly directed to- 
ward the bivouac, from which few Ecitons take 
their departure. Huddled groups are to be seen 
here and there in the raiding area, particularly in 
places which are shaded and damp. 


AFTERNOON EVENTS PRECEDING A GENERAL RETURN TO 
THE Brivouac 


5. A limited afternoon resurgence.—Although 
an early afternoon reactivation of the colony is 
not lacking even under these conditions of mini- 
mal responsiveness, observations indicate that it 
is low in strength. Generally before 2:00 p. m. 
there are signs of renewed activity at the bivouac 
and increased outward traffic on the principal 
trail; however, this movement is not sufficient in 
numbers and vigor to do more than increase 
somewhat the difficulties of travel. Despite the 
confusion which results from collisions among 
oppositely directed ants, virtually always the 
right-of-way remains with incoming traffic, so 
that outgoing travellers are forced to turn back 
or keep to the sides of the trail. 

Although under these conditions the afternoon 
reactivation is a secondary matter, with little 
real significance for the terminal events of the 
day, nevertheless it is a significant fact that a 
rearousal of the colony does occur. Its appear- 
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ance shows that under conditions effective in 
the rainy season the burchelli colony is regularly 
subjected to the action of excitatory influences 
after the lull of midday. A striking indication 
that these factors act specifically in early after- 
noon is the fact that raids may begin then, and 
normally only then, on days when no foray is 
established in the morning. It should also be 
noted that occasionally a raidless colony may 
show signs of activity after midday, even to the 
extent that groups begin to expand radially from 
the bivouac, without this leading to an effective 
swarm foray. It is evident that the early after- 
noon reactivation is a distinctive event, but that 
its influence upon colony behavior must depend 
upon further circumstances. 

6. Events preceding withdrawal to the bivouac.— 
In non-nomadic colonies, although returning 
traffic often is sufficient to force back most of the 
outgoing travellers, this never leads to a persis- 
tent foray in a different direction from the 
bivouac. Such a new push may at times begin; 
however, it is always relatively weak and short- 
lived. Contrasting as it does with the behavior 
of a nomadic colony under these conditions, this 
result clearly indicates the relative weakness of 
the afternoon exodus in non-nomadic times. 

There are no external influences playing an 
important part in this shortcoming. Usually in 
the first half of the afternoon no strong inward 
pressure exists on the principal trail, since for- 
agers then returning do not form a continuous 
wide column. That outgoing traffic seldom 
strongly opposes the inward movement is indi- 
cated by the infrequency of ‘‘traffic jams” ap- 
proaching the dimensions of those commonly 
observed at this time of day under nomadic 
conditions. The difficulty evidently rests with 
intrabivouac conditions. 

These limitations are emphasized in cases when 
no foray whatever occurs until the early after- 
noon reactivation sets one off. Then, although 
the exodus has the exclusive right-of-way for a 
considerable time, it lacks persistence, and after 
an hour or two it has become overpowered by a 
return drift of laden and unladen raiders toward 
the bivouac. It is apparent that at such times 
the colony cannot be aroused thoroughly enough 
to maintain the outgoing movement as under 
nomadic conditions. 

When the progressive failure of light in late 
afternoon acts upon the minimal raid of a non- 
nomadic colony, the impossibility of a bivouac- 
change movement becomes apparent. This 











































































































































































































change, crowding the trails with deserters from 
foraging, inevitably strengthens greatly the 
pressure from peripheral areas toward the bi- 
vouac. The clear. Deprived of the 
quickening photokinetic effect, the now heavy- 
gaited Ecitons converge from their expanded 
trail-end groups into chemically saturated trails 
far more readily than they push into new terrain. 
To get the entire picture, we must add the 
facilitation of this homeward shifting of forces 
by a drainage into the bivouac, caused by ants 
remaining in the cluster once they reach it. It 
is as though a fluid were draining through an 
escape valve, creating a suction effect which 
accelerates the flow of remaining fluid toward the 
vent. 


basis is 


Thus the two influences, pressure from the 
periphery and drainage into the bivouac, supple- 
ment each other to bring about a predominant 
bivouac-ward shifting of forces throughout the 
trail system. Finally the base trails, and espe- 
cially the principal trail, become ciowded with 
wide processions of Ecitons all slogging along in 
the same direction—at first sight resembling the 
bivouac-change movement of other times. How- 
ever, this march may be distinguished from the 
other in its personnel: workers intermediate for 
the most part with fewer majors, laden with 
booty and unladen—but without the intimate 
domestic signs of a true colony removal: the long 
lines of carriers burdened with Eciton larvae, the 
workers minor and the ecitophiles, and without 
the broad feverishly excited cortége which always 
surrounds and swarms over the Eciton queen as 
she pushes her way along toward the new bivouac 
somewhere near the end of the line. 


SUMMARY AND DISCUSSION 

Che movement of an Eciton colony from one 
temporary nest to another we have called a “‘re- 
moval” or “bivouac-change movement.” An- 
ticipating a later discussion, we may say that the 
removal is to be considered not a true migration 
but rather a single section or phase of a migration 

part of a more inclusive pattern of movement. 
Thus it is possible to agree with Heape (1931) to 
the extent that we recognize the Ecitton removal 
as lacking the complete characteristics of a mi- 
gration, yet to say that it contributes to a migra- 
tion. The judgment of Heape seems to have 
been unduly influenced by an apparent irregu- 
larity in the colony their 


for 


movements and by 


assumed dependence upon food shortage 
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getting under way. Both of these impressions 
are very misleading, as our present study of how 
the individual movements originate has shown. 

First of all, the colony-removal phenomenon 
must be distinguished from regular predatory 
expeditions. The two activities occur under dif- 
ferent conditions, and differ distinctively in 
their behavior properties. Although, as Miiller 
(1886) observed, foraging in burchelli is a day- 
time activity, the colony removal follows the raid 
and thus occurs in the evening and night. How- 
ever, a colony removal is not the inevitable sequel 
to a raid, since frequently, as in hamatum, a foray 
may end in a general return to the same bivouac 
site. 

Yet the fact that in both of these Eciton species 
the colony removal follows a daytime predatory 
expedition, appearing gradually with increasing 
clarity as raiding disappears, speaks for the exist- 
ence of a close relationship between the two 
phenomena. Our investigation of this relation- 
ship has disclosed that in a number of ways the 
burchelli swarm raid is prerequisite to the de- 
velopment of a bivouac-change movement. The 
causes of raiding thus serve indirectly as insti- 
gators of the subsequent colony removal. 

The development of the burchelli raid as a 
process leading to colony removal involves a 
rather unique routine demanding analysis in its 
own terms, as distinct from the pattern of events 
in the column-raiding species E. hamatum. In 
the burchellt swarm raid, the light-aroused morn- 
ing exodus expands into just one major raiding 
system, contrasting with three in the maximal 
hamatum raid, which offers a distinctly different 
basis for a bivouac-change movement. On the 
single trunk route which remains as the burchelli 
foray advances, connecting the main raid with 
the bivouac, there occurs through the day a 
sequence of mass behavior changes which we 
have found essential as a basis for the colony 
removal. Without the raid, the removal could 
not occur. 

The diurnal regularity of raiding and colony 
removal characterizing the terrestrial species 
burchelli and hamatum is clearly dependent upon 
an extrinsic factor: timing of the raids by day- 
light. However, we have seen that not all forays 
can pass over into colony removal—only those 
which reach a state of development indicated by 
our term maximal raiding. Others, less exten- 
sively developed, can be followed only by a with- 
drawal of the predatory expedition to its starting- 
point. In separate sections of this report it has 











been shown that the behavior patterns of maxi- 
mal and minimal raiding may be readily dis- 
tinguished, although certain basic events are 
common to both. For maximal raiding to occur, 
the colony must be highly responsive to extrinsic 
influences (such as the coming of daylight, and 
atmospheric changes in early afternoon). There 
are many indications that this susceptibility to 
outer conditions depends upon the internal situa- 
tion of the colony at the time, a matter so inde- 
pendent of the booty supply available in the 
given area that it is highly misleading to cite the 
latter as an essential cause of colony removal. 

Clearly it is not simply an exodus from the 
bivouac that leads into colony removal, but an 
exodus under given conditions. The morning 
exodus at times of maximal raiding probably in- 
volves more than half of the colony’s worker 
population, yet it never passes over directly into 
a bivouac-change movement. One reason is 
that the outpouring Ecitons are readily absorbed 
into expanding a fresh raiding system; another is 
that environmental conditions (such as light, and 
insect commotion) elicit a variety of energetic 
responses scarcely admitting the highly uniform 
trail-following essential to actual colony removal. 
Also in all probability the exodus is somewhat 
inhibited in time by a vigorous return traffic; yet 
traffic interference alone could not halt the out- 
ward movement completely. If the outpouring 
continued in force, it could, when largely blocked 
from the principal trail, expand from the bivouac 
in another direction, as sometimes occurs in the 
afternoon. Instead, there are indications that 
recruits are held at the source, within the bivouac 
itself, where responses to returned booty (e. g., 
the further division of large pieces) divert many 
workers already well aroused and capable of 
joining the foray. The gist of the matter is that 
the morning exodus does not continue per- 
sistently as in the afternoon, because it becomes 
largely redirected and absorbed into other 
activities. 

The highly predictable ordering of events in the 
burchelli raid is impressive. The massive egress 
of early morning is followed by a swing of traffic 
from the heavily populated foray toward the 
bivouac; then at midday there occurs a marked 
reduction of activity throughout the raiding 
situation—a highly regular succession of changes. 
The characteristic lull in activities, the “‘siesta”’ 
period, which follows at midday seemingly in re- 
sponse to extrinsic changes then arising, is criti- 
cally important since it sets the stage for the 
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coming of a new train of behavior events.’ By 
lethargizing the Ecitons directly, as well as indi- 
rectly through reducing movement-stimulation 
from small forest fauna, these environmental 
changes (very possibly atmospheric changes) of 
noontide play a key role in leading to further 
developments essential for the eventual colony 
removal. 

The midday depression of activity is succeeded 
by a revitalization of the burchelli colony, pre- 
sumably when the extrinsic factors responsible 
for this condition have waned somewhat. Day 
after day the early afternoon brings a revival of 
activity which is thoroughgoing and persistent. 
This of course does not mean that the ants are 
aroused from a state of complete quiescence; 
rather it is a matter of recovering from a tem- 
porary low point of general activity. Actually, 
Ecitons in daytime seem constantly in motion 
(Wheeler, 1900), and even workers hooked into 
the bivouac fabric exhibit an incessant agitation 
of oscillating antennae and shifting foreparts 
which gives the surface of the cluster “the ap- 
pearance of the fur of some terrible animal” 
(Beebe, 1917). 

There is little doubt that the afternoon reac- 
tivation is an event regularly stimulated by ex- 
trinsic changes peculiar to the time of day, since 
it appears even in minimally active colonies 
which are not migratory at the time.* Often in 


7In view of its strategic importance for the burchelli 
colony removal, the lack of direct evidence on the basis of 
the “‘siesta’’ period is regrettable. Because of the known 
relationships between temperature and insect activities 
(Uvarov, 1931) and because of the characteristic tropical 
midday rise in temperature, one thinks first of that factor. 
Yet near the forest floor, with the exception of sun-fleck 
areas, the noontime temperature increase is relatively small 
(Kenoyer, 1929), seemingly insufficient to produce alone 
the striking behavior changes which occur. The possibility 
that other atmospheric conditions may be involved and 
that an inhibitory effect of (relatively) intense illumination 
may occur, cannot be overlooked. To the writer’s knowl- 
edge this characteristic change in the activity of tropical- 
forest animals at midday remains an unexplored problem 
well meriting systematic ecological and behavior study. 

8 It is conceivable that the rearousal is to some extent 
similar to the phenomenon known as “temporal memory,”’ 
which has been demonstrated in the honeybee and in 
certain ants (Grabensberger, 1933), in which a conditioned 
excitation, considered by many to be intraorganic and 
independent of extrinsic stimulation (v. Stein-Beling, 1935), 
excites foraging at the time of day of previous feedings. 
The point is somewhat doubtful for the Ecitons, however, 
since captive burchelli and hamatum colonies under ruby 
glass in the laboratory do not exhibit any noticeable 
increase in activity in the afternoon at the time when there 
is a resurgence of activity in colonies free in the forest. 
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day. 


such instances it produces the first sortie of the 
However, the fact that in such cases the 
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afternoon resurgence is not followed by a bivouac- 


change movement, suggests that 


an 


intrinsic 


condition essential to this development is then 


lacking in the colony. 


When raiding is maximal, 


the reactivation is impressive for its persistence, 
and once under way it can end only in a colony 


removal. 


During the season of rains in the Caribbean 
forest of Panama, afternoon downpours are fairly 


regular occurrences. 


This of course means 


con- 


siderable interference with Ectton raids, yet the 


completion of the described diurnal routine is 


seldom | 


retard a 


rrevented. 
burchelli 


A torrential downpour 
foray 


can 


materially by forcing 


raiders under cover and holding others in the 
bivouac, but once the rain abates the raiding 
system promptly stirs into action (Beebe, 1919), 
while the steady column soon issuing from the 
bivouac indicates the turbulent state which must 
have persisted therein. 


In 


arouse 


one 


sense 


the 
the afternoon 


extrinsic 


resurgence may be 


influences w 


hich 
con- 


sidered equivalent to the action of morning light 


which 


initiates 


the day’s raid. 


However, 


the 


outcome of the two stimulative phenomena is 


very different, since the outpouring Ecitons en- 


counter 
in the t 


very 


wo cases. 


In the afternoon the 


different environmental situations 


new 


exodus enters a raiding system already developed, 
through which it is channelized without being 
diverted into trail-making and predatory activi- 


ties near the bivouac. 


In contrast, the vigorous 


outburst of the morning is largely discharged into 


such pi 


meering 


behavior. Moreover, as 


we 


have pointed out, the morning exodus is impeded 
by booty-carriers near the bivouac and its energy 
is sapped by atmospheric changes at midday. 
Hence the morning arousal leads to the growth 
of a raid, while that of afternoon can lead to a 
complete shift of the colony provided that the 
colony’s “threshold of arousal’ is adequate. 


The critical importance of 


the excitability 


threshold of the colony is revealed in the outcome 
of the conflicts between outgoing and return 


traffic on the principal trail. 


Such conflicts de- 


velop both in the morning and in the afternoon, 
with tactual friction as well as bodily collision 
between oppositely travelling Ecitons, so that 
the issue generally depends upon the greater 


numbers 
columns. 


and the 
Under 


one of 
non-nomadic conditions, 


‘ persistence of 


relative weakness of the exodus (and the cor- 


the 
the 










responding low point of colony arousal) is indi- 
cated by the readiness with which return traffic 
dominates it. In contrast, when the colony is 
nomadic, the great strength of the morning 
exodus reveals itself in the duration and the high 
pitch of traffic conflict, and that of the afternoon 
exodus in the fact that it typically imposes a 
lasting reorientation upon the returning column. 
Hence the dburchelli colony removal typically 
passes through the established raiding system. 

Even when return traffic in an unusually well- 
developed raid effectively monopolizes the trunk 
route, the afternoon exodus is sufficiently vigor- 
ous to push out from the bivouac in a different 
direction, starting along a short route abandoned 
early in the day. The colony movement then 
develops along these lines. In contrast, when in 
non-nomadic times the exodus of the afternoon is 
similarly blocked, there is seldom a new advance 
from the bivouac, and when one occurs it is not 
persistent. These very different outcomes dis- 
close the critical importance of intracolony cir- 
cumstances for the phenomenon of removal. 

We are reminded here of the striking difference 
between hamatum and burcheili in the pattern of 
raiding which precedes colony removal. In 
hamatum the afternoon exodus can discharge 
from the bivouac into a second or a third alterna- 
tive route if the one first hit upon is blocked; 
whereas the burchelli exodus meets but one well- 
formed route as a rule, and if this be obstructed 
by counter-traffic, the only alternative is a vir- 
tually new path. However, this handicap is 
offset by the typical burchelli procedure of ad- 
vancing en masse without the frequent sub- 
divisions of pioneer groups observed in hamatum. 
Thus, although burchellt evolution has produced 
a mechanism of raiding which channelizes the 
avenue of bivouac change much more rigidly 
than in hamatum, when this leads to special diff- 
culties an adaptation is available through the 
same species capacity for mass advance. 

When Eciton species with rather differen‘ 
foraging patterns both pass from raiding into 
bivouac-change behavior, we are led to look for 
essential common factors underlying the pat- 
terns. E. hamatum with its multiple trunk routes 
can shift readily among them for the bivouac 
change; burchellt lacks well-formed alternative 
routes, but adjusts efficiently to blocking through 
its mode of concentrated group locomotion. The 
given pattern of organization of predatory expe- 
ditions seems to be a secondary matter for the 
Eciton colony removal, so long as a species es- 








tablishes at least one saturated route from the 
bivouac. The essential anlage of the bivouac- 
change phenomenon, in these terrestrial species 
and probably also in others, thus arises through 
the foraging expedition. Another prerequisite 
common factor is the capacity for afternoon re- 
arousal following a “‘siesta”’ period. This matter 
calls for further consideration. 

When the characteristics of minimal raiding 
are recognized in a colony of either burchelli or 
hamatum, it is safe to predict that no transition 
from raiding into bivouac change will occur. An 
undersized swarm, failure of major swarm divi- 
sion, a smaller perimeter of raiding—all are signs 
of this condition in burchella4. When the morning 
raid is underdeveloped or does not materialize, 
the afternoon rearousal also is relatively weak 
then no removal is possible. This condition is 
not dependent upoii environmental circum- 
stances, since colonies operating in the same 
general area may differ widely in their raiding 
and capacity for bivouac change under closely 
similar extrinsic conditions. The essential foun- 
dation evidently lies in intrinsic conditions deter- 
mining colony responsiveness, the ebbing of 
which at a given time restricts the development 
of raiding and thereby holds the colony to the 
spot. 

This brings us to the conclusion that colony 
removal is to be considered an extension of 
raiding under appropriate conditions. However, 
to round out the theory we must consider a 
further extrinsic factor which permits well- 
developed raids to be transformed into bivouac 
changes and poorly developed raids to be reab- 
sorbed without acolony removal. This influence 
is the regular afternoon decrease in light inten- 
sity. As morning light times the beginning of a 
raid, dusk times its end. The change in light 
is gradual, hence the falling away of raiding 
activity for which it accounts is also gradual. 
The effective environment then is greatly simpli- 
fied, its stimulative role monotonous, and the 
Eciton response is an automatized process of 
stolid trail-running. As raiding progressively 
declines, new possibilities in general behavior are 
admitted as the travellers submit with increasing 
readiness to whatever traffic drift happens to 
predominate. 

Whether this drift is a pressure away from the 
bivouac or a movement toward the bivouac, 
depends basically upon intrinsic conditions in 
the colony. With colony responsiveness at its 
ebb, the afternoon exodus is relatively weak, and 


STUDIES ON THE ARMY-ANT BEHAVIOR PATTERN 





455 


a homeward drift prevails at dusk; when colony 
responsiveness is high, the exodus persists 
strongly, blocking the homeward movement as a 
rule and shunting the Ecitons from raiding into 
a general outgoing movement. Thus in the 
burchelli pattern of events there are unmistak- 
able signs of an underlying causal interaction 
between certain crucial extrinsic factors and in- 
trinsic conditions prevailing in the colony at a 
given time. 

The role of the extrinsic factors is responsible 
for the striking regularity and predictability of 
the raiding and bivouac-change phenomena as 
diurnal occurrences. Particularly important at 
successive stages of the routine we have found 
the coming of sunrise, the atmospheric changes 
of midday, and the effect of dusk. The influence 
of illumination strikingly illustrates the adaptive 
significance of these extrinsic regulative factors, 
for although light has no important orienting 
function in the field activities of either burchelli 
or hamatum, the outstanding photokinesis of 
both species is a matter of critical importance 
for the timing of raids and hence for the timing 
of bivouac-change movements. Such facts re- 
veal a highly adaptive interaction of environ- 
mental periodicity with Eciton characteristics 
which indicates the phylogenetic stability of the 
entire phenomenon. 

Despite the prominent influence of extrinsic 
factors in the pattern of events, the key to the 
nomad aspect of Eciton life rests with intrinsic 
conditions, since only in a sufficiently responsive 
colony can the essential conditions of colony 
removal arise. The solution of the problem of 
nomadic behavior in burchelli thus seems to lie 
in a closely organized interaction between the 
sequence of processes in maximal raiding and the 
‘explosive’ characteristics of a maximally excit- 
able colony. 

Notwithstanding the closeness of the discov- 
ered relationship between raiding forays and 
colony removal in the investigated Ecitons, the 
factors governing nomadic behavior or its absence 
do not seem dependent in any identifiable way 
upon food supply in the area occupied at a given 
time. Besides our other facts, doubt is cast upon 
the possibility of a food-supply influence by the 
frequent observation that a colony may remain 
for a considerable time in an area just vacated 
by another colony after a single day’s tenancy. 
Repeatedly confirmed, this observation consti- 
tutes a natural control experiment excluding 

the assumed teleological process as unfounded. 
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For although the food-supply hypothesis has a 
wide acceptance in the doryline literature and 
may seem plausible as a direct inference from 
teleological conceptions of social behavior in in- 


sects, it has no real factual basis. None of the 
authors advancing this hypothesis to account for 
doryline nomadism has been able to show what 
demonstrable behavior processes might give it 
validity. 

In one or two instances one can readily discern 
what has misled observers into adopting this telic 
hypothesis. Vosseler (1905), for example, passes 
from a consideration of trail abandonment in 
raiding to the seemingly justifiable inference that 
a colony whose raiding columns withdraw from 
places where booty is sparse may on the same 
basis move as a whole from worked-out nesting 
areas. At first sight, the point may seem plausi- 
ble, yet in no sense does it follow. 

The distinction we have been able to draw 
between raiding and colony removal calls atten- 
tion to the fact that these two cases of Eciton 
evacuation of an area, the minor and the major, 
occur under very different conditions. On the 
one hand, during a raid the amount of booty 
discovered on a given branch trail typically af- 
fects the life of that trail in a rather direct man- 
ner, through behavior processes subject to a sim- 
ple naturalistic explanation (Schneirla, 1940: 437 
ff.). However, we have found that the occur- 
rence of a colony removal from a given general 
zone of operations depends upon a complex train 
of events very different from the foregoing, in- 
volving activities and relationships which operate 
without any identifiable relation to the amount 
of booty available in the area. In fact, such a 
relationship is commonly contradicted by pre- 
vailing circumstances. The removal may take 
the colony from a well-supplied area or from a 
poor one—it occurs in any case when the condi- 
tions we have described, not dependent upon 
booty haul, are fuifilled. The food-scarcity hy- 
pothesis is wide of the mark, and actually mis- 
represents the demonstrable facts of the bivouac- 
change phenomenon. 

From his survey of the general problem of 
insect migration Fraenkel (1932) reaches a com- 
parable conclusion. Examining the evidence for 
the mass movements of locusts, butterflies, and 
various other insects, he finds that lack of food 
can at best be only a very indirect and secondary 
cause of insect migration—that is, lack of food 
operates selectively in the evolutionary process 
rather than directly and ontogenetically. A\l- 
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though Fraenkel expresses doubts as to the status 
of Ecitons as true migrants, it may be said that 
his remarks concerning the inadequacy of this 
telic hypothesis also cover the case of army ants. 
We have noted the exclusion of the Ecitons by 
Fraenkel and Heape from the list of migrant 
insects, because of doubts that their movements 
represent anything more than foraging expedi- 
tions. Both of these writers seem to have been 
impressed by the apparent sporadic nature of 
Eciton colony movements. However, our evi- 
dence on colony removals in burchelli and hama- 
tum shows that these are true nomadic move- 
ments and not merely expeditions, if the latter 
term means simply predatory forays. The term 
‘“expedition’’ may be used for raids which end in 
a return to the same bivouac; however, it does 
not apply to the bivouac-change movements, 
which are readily distinguishable from raiding 
activity. The facts show that these removals 
follow raiding in a predictable manner under 
given conditions, but not under other conditions. 
Although we have found that the bivouac-change 
movement arises through behavior relationships 
which come into existence through the develop- 
ment of maximal raiding, in its behavior proper- 
ties and its adaptive significance it is a distinct 
phenomenon not to be confused with raiding. 
How far and in what ways the described Eciton 
colony movements fit current conceptions of ani- 
mal migration is not an easy question, because of 
their unique characteristics. To be sure, many 
general observers have referred to doryline 
bivouac changes as migrations. This seems not 
unjustified, since our evidence shows that the 
movements are periodic, (roughly) unidirectional, 
dependent upon the activity of the Ecitons them- 
selves, and take the colony away from its previous 
zone of operations—all characteristics which 
Cahn (1925) and others hold to be the essential 
criteria of migration. From this viewpoint daily 
movements such as the individual bivouac 
changes of an Eciton colony would be classed as 
migrations. To follow this procedure would be 
premature, however, and would commit us to an 
unduly loose construction of the migration con- 
cept, of questionable scientific value since it ex- 
cludes the question of broader relationships be- 
tween the movements and the life activities of 
the animals. Further circumstances in burchelli, 
together with evidence previously reported 
(Schneirla, 1938) for hamatum, encourage view- 
ing the bivouac-change movement as merely one 
phase of a broader unitary sequence of activities. 
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STUDIES ON THE ARMY 


Accordingly, the descriptive term ‘‘removal”’ 
seems adequate ‘oc denote such movements taken 
separately. 

The present study has widened the writer's 
theory of the Eciton behavior pattern by showing 
its applicability to a rather different behavior 
setting from that of the species previously 
studied. The colony movements of burchelli 
arise from a distinctive routine of predatory be- 
havior, yet the manner in which they take form 
agrees well in its broad outlines with the explana- 
tion previously advanced for hamatum. In both 
cases the interaction of extrinsic and intrinsic 
agencies leads in an equivalent way to similar 
end results, although through a strikingly dif- 
ferent mechanism. This effective similarity in 
the process of nomadic movement in the two 
species, despite a striking difference in the pat- 
tern of their raiding behavior, suggests that the 
essentials of the theory may well hold for the 
Ecitons in general. 


CONCLUSIONS 


1. Colony removal in the swarm-raiding E. 
burchelli conforms in its causation to the terms of 
the writer’s theory for the column-raiding E. 
hamatum. 

2. Certain extrinsic conditions are essential, 
including given behavior circumstances arising 
through raiding. The critical factor for bivouac 
change is an intrinsic condition introducing a 
sufficiently low threshold of colony excitation to 
admit a given diurnally timed routine of events. 

3. The detailed mechanism of colony removal 
in burchelli is characteristic of that species, in 
dependence upon its swarm-raiding behavior 
pattern. 

4. There are no grounds in the evidence for the 
hypothesis that doryline nomadism depends upon 
a capacity to respond to food scarcity in a given 
occupied area. 
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